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Introduction and Concepts 
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ind WOODROW J. HALSTEAD, 


thief, Materials Division 





Byte OCrive OF 
RESEARCH AND DEVELOPMENT 
BUREAU OF PUBLIC ROADS 





The disintegrated bituminous pavement shown above and 


patched concrete pavement shown below are examples of 


failures that may result from improper control of construc- 


| Beginning with this issue and continuing in several succeeding issues, 
he Public Roads Research staff will present an interpretative summary of 
he progress in its research program for the statistical approach to qual- 
__ty assurance in highway construction. This presentation will consist of 
he following six parts: kaos Se and Concepts (in this issue), 
\—Quality Assurance of Embankments and Base Courses, 3.—Quality 
{ssurance of Portland Cement Concrete, 4.—Variations of Bituminous 
Jonstruction, 5.—Summary of Research for Quality Assurance of Ag- 
regate, and 6.—Control Charts. 

| Statistically based quality-control methods have been used success- 
ully in industry, particularly in the defense program, for many years. 
lecording to research results, statistical quality-assurance methods 
lso should be adaptable to highway construction, provided that gov- 
rning specifications are properly written and sampling and testing 
ariations established to conform to the conditions of the locality in 







































hich they will be applied. 


Jusury assurance in its broad applica- 
_X tion relates to the overall problem of 
taining the quality of construction necessary 
or a product to perform the functions 
itended. It encompasses design, production, 
\mpling, testing, and decision criteria. 
The quality of the highway product has 
lways been a major concern to highway 
jgineers and contractors. Traditionally, 
uality has been attained primarily through 
dlls of individual engineers. When such 
«ills are properly applied, satisfactory high- 
‘ay quality is obtained. However, as the speed 
‘construction and the volume of materials to 
P handled increased, the traditional system 
came subject to breakdown. Breakdown 
yeurs when the speed of testing does not 
ep pace with the speed of construction. 
dditionally, engineering duties have increased 
» the extent that engineers must spread their 
Wlents over broad areas, and many quality 
surance activities have been delegated to 
lose whose skills and experience are often 
* jadequate for on-the-spot judgments. More- 
pe legal requirements for documented 
5 | 


“idence of specification compliance create 
oblems. 





As the Interstate program moved into its 
full construction phase, it became evident 
that the traditional quality assurance pro- 
cedures were subject to criticism and that 
new concepts were needed. Accordingly, in 
1963, the Public Roads Director of Research 
and Development appointed a task force to 
study the problem and develop a cooperative 
State-Public Roads research effort to improve 
quality assurance methods in _ highway 
construction. 

The discussions and data presented here 
are an interpretative summary of the research 
progress in this area; some of the discussions 
already have been released by the Office of 
Research and Development (1).1 The reader 
should be aware that this article pertains to 
a Research and Development program—not 
to Public Roads policy. All the proposals 
presented will be carefully evaluated and 
only those proven to be workable under 
actual highway-construction conditions will 
be adopted as parts of State or Public Roads 
specifications and policy. 





1Italic numbers in parentheses identify the references 
listed on p. 134. 


tion rather than from poor design. 





Basic Problems of Quality Assurance 


Reduced to its simplest terms, quality 
assurance of highway construction requires 
proper answers to the following three ques- 
tions: (1) What do we want? (2) How do we 
order it? (3) How do we determine that we 
got what we wanted? 

Answers to the first question encompass the 
total body of research, development, engineer- 
ing technology, and experience. All these 
combine to define needs with respect to 
materials, properties, and design character- 
istics of the highway component. 

Answers to the second question depend on 
the manner in which the details are spelled 
out in specifications—specific characteristics 
that must be controlled, needs with respect to 
qualitative level, and uniformity of the prod- 
uct from item to item. 

Answers to the third question depend on 
the precision and accuracy of test methods as 
well as on the time required to perform the 
tests. Testing time often controls the number of 
measurements that can be made available for 
use in decisionmaking. More importantly, the 
relation of the characteristic, or property, 
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measured by the test to the service perform- 
ance of the completed component is a major 
consideration, which often is known only 
empirically, if at all. 


Traditional Quality Assurance 


Many specifications used today in highway 
construction are, in fact, recipes rather than 
specifications. They spell out in detail the 
operations of the contractor, the equipment 
he must use, and the desired end product he 
must produce. These traditional specifications 
have come about because adequate quality 
definitions and test methods pertaining to 
quality of the end product are lacking. When 
specifications do attempt to define required 
quality, the specified values for character- 
istics are often those obtained through judg- 
ment and experience. Tolerances for such 
characteristics seldom reflect the true needs 
and capabilities of the construction process or 
of the available materials. 

When traditional specifications are com- 
bined with the skills of engineers, the com- 
plete cooperation of contractors, and the 
desire of everyone to do a good job, there is 
no doubt that a good highway can be built. 
However, inspectors and engineers must be 
capable of recognizing good materials and 
construction, without relying solely on quality 
measurements. Under most of the present 
procedures, one periodic sample is taken. 
This sample—assumed to be representative 
of the material or construction—is tested, 
and the test result is recorded as the value of 
the measured property, or 
If the test result is within the stated tolerances, 
the material passes and is accepted. If the 
test result is not within the stated tolerances, 


characteristic. 


the material or construction fails to pass. 
Engineering judgment must then be applied 
and a decision made as to whether the material 
should be retested or whether it may be said 
to substantially comply because the specifi- 
cation deviation will cause little impairment 
of performance. 

Even though a quality assurance system 
that is based on engineering judgment is 
workable under proper conditions, the practice 
is difficult to define in legal or contractual terms. 
Substantial compliance has not been quanti- 
tatively defined, and the degree of acceptable 
variation will differ from engineer to engineer 
and from job to job. 

To further complicate the problem, sam- 
pling and testing errors are often so large that 
the true variations of the materials or con- 
struction may be obscured. Some tests may 
not truly measure quality of the finished 
highway. 

Improvement in quality assurance of high- 
Way construction accordingly entails: 


¢ Development of realistic quality criteria. 


¢ Development of valid quality tests, 
¢ Development of valid decisionmaking 
rules. 
* Quantification of substantial compliance. 
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New Developments in Quality 
‘ 
~, Assurance Procedures 


Statist¥eal concepts are the most promising 
tools for {he solution of many quality-assur- 
ance probjems in highway construction. Other 
industries tiave been using statistical concepts 
in F agk oe and acceptance. In fact, 
much of tke development in this field was 
pioneered bt the Department of Defense in 
its procuremé \t program during World War 
II. Because the nature of the highway 
industry, some \of the methods must be modi- 
fied, but the | cepts are basic to any industry. 

The scien’ of statistics is a versatile tool. 
In situations requiring decisions concerning 
contractual items that are based on samples, 
statistical concepts allow varied acceptable 
solutions. Rules for each decision must be 
carefully defined and followed, but different 
rules can be formulated for each of the many 
conditions encountered. Decisions can be 
made with an established degree of confidence. 
The degree of confidence required for each 
decision can be correlated with the criticalness 
of the decision to the quality of the end prod- 
uct, and the rules formulated accordingly. 

Test methods are continually being devel- 
oped for better and more rapid measurement 
of quality. The greatest advance in new 
methods of testing has been in the nuclear 
field. The nuclear moisture-density gage 
(figs. 1 and 2) has been proved to be a fast, 
accurate method of measuring the moisture 
and density of compacted materials. Nuclear 
methods (fig. 3) of measuring density and 
asphalt content of bituminous pavements are 
showing considerable promise. Seismic meth- 
ods of measuring compaction are also being 
developed. Sonic equipment is being used to 
test welds, and sonic methods of measuring 
the moduli of concrete have been in use for 
several years, but have not been widely ac- 
cepted. Electronic equipment, using the 
principles of resistivity and magnetism, has 
been developed to check the placement of 
steel in conerete and to measure the thickness 
of pavement components. 










Rapid nondestructive tests such as those 
cited will provide better quality control and 
make quality measurements available in the 
future. 

Through the work of its different com- 
mittees, the American Society of Testing & 
Materials (ASTM) is advancing the state of 
the art of quality measurement by developing 
precision statements for standard _ tests. 
These statements will provide a basis for 
evaluating the work of inspectors and lab- 
oratory technicians and should decrease 
testing errors. 

Other aids to better quality products are 
automated processing plants with direct out- 
put printout. These plants provide not only 
automatic control, but also adequate docu- 
mentation to check output for pay quantities. 
However, automated control is no guarantee 
of a quality product. One must know what to 
control and how precise the control must be 
before the benefits of automation can be 
attained. One area in which automation is 
producing dramatic results is that of surface- 
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variation control. The Stringline (fig. 4), 4 
wire guidance system to control vertical 
variations in concrete placement, and other 
guidance methods (fig. 5) have greatly im. 
proved the riding quality of pavements. i 


” 





Figure 1.—The nuclear ROADLOGGER use, 
for moisture-density determinations i 
compacted embankments. 


Figure 2.—Moisture-density determinatia 
in compacted embankment using portab 
nuclear gage. 







Fig ure 3.—Portable nuclear gage in field 
to determine density of bituminous ba. 
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| Figure 4.—STRINGLINE wire guidance system for controlling 


the placement of bituminous material. 
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| Advantages of Statistical Concepts 











| One significant problem in quality assurance 
)s that of communication. Definite instructions 
joncerning the materials and construction 
jesired, methods to be used for determining 
ompliance, and conditions under which pay- 
jaent will be made, must be given to contrac- 
ors. These instructions must be explicit so 
hat contractors, engineers, lawyers, and 
juditors can interpret them in only one way. 
‘he Office of Research and Development, 
‘Bureau of Public Roads, recommends that 
tatistical concepts be incorporated in the 
‘/pecifications for highway construction to 
" nprove communications. 

The proper use of statistical concepts will 
rovide the following requisites: 

® Statement of concise quality requirements. 
2 Development of valid tolerances based on 
he capabilities of process, sampling, and 
sting methods. 
at © Delineation of responsibility for process 
‘i! ontrol and acceptance. 
i$ Development of valid sampling 

basis for decisionmaking. 

¢ Establishment of precise decision criteria. 
® Development of valid proportional-pay- 
tent schedules. 
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ting quality requirements 


In the writing of specifications, statistical 
mncepts can be used to express quality require- 
ents as target values for which~contractors 
‘e to aim, and to specify compliance require- 
ents as plus and minus tolerances. Toler- 
ices from the target value, prescribed by 
4 psign needs, can be based on statistical analy- 
ice of the variations in materials, processes, 
})mpling, and testing existing in current con- 
suction practices. Such tolerances are real- 
ie and enforceable. They take into account 
\l the normal causes of variation and allow 
)t the expected distribution of test results 
pout the mean. Provisions can be made both 
Control to the stated level and for control 


all 
ws! ie @ variation from this level. 


ta 
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Research by the States is being under- 
taken to define realistic tolerances on quality 
requirements. From this research, it is known 
that test measurements on characteristics of 
highway materials or construction form a 
definite pattern grouping around a central 
value called the mean. The grouping indicates 
that test measurements in highway construc- 
tion can be described in the same terms as 
test measurements in other industries. The 
measurements group around the central value 
in a symmetrical pattern, thereby allowing 
the use of statistics based on the familiar 






esq 





Figure 5.—SKI and wire guidance control used to provide smooth 


placement of pavement. 


bell-shaped normal curve. Although some 
slight variation from the symmetrical curve 
may occur, especially when the number of 
test results is small, the error in assuming 
normal distribution of population measure- 
ments usually will not be large. If the curve 
is decidedly asymmetrical, skewed to the 
right or left, then something other than nor- 
mal distribution theory must be used in the 
analysis. 

Even though curves are normal, they may 
not look alike. Those with a small standard 
deviation will be tall and narrow, whereas 


a-- GOOD PRECISION 
2 _ OR UNIFORMITY 


b--POOR PRECISION 
OR UNIFORMITY 


+30q 


Figure 6.—Normal distribution curves. 
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UPPER CONTROL LIMIT (U.C.L.) 


| 2 3 4 5 6 if 
LOT NUMBER 


Figure 7.—Average, X control chart for n samples per lot. 


those with a large standard deviation will be 
short and broad. (See fig. 6.) The tall narrow 
curve indicates good product uniformity or 
measurement precision; the short broad curve 
indicates poor uniformity or precision. 

The assumption of a normal distribution 
when warranted, permits the use of estimated 
relationships of mean and standard deviation 
to establish realistic specification tolerances 
for selected sample sizes. Such tolerances can 
be established by statistical analysis, together 
with engineering judgment, according to the 
degree of control needed for permissible con- 
struction risks and the economies of testing. 
The number of test results on which the com- 
pliance decision is based directly influences 
the latitude that must be given to the con- 
tractor. Often, because of the small number 
of tests that can be made economically, the 
tolerances must be wider than would seem 
desirable. 

These relations may be stated as follows: 


nm 
vil 
Where, 

T, is the tolerance to be allowed on each 
side of the target value. 

Z isa standardized factor equal to (X — X) /o 
that relates to the area under the normal 
curve for the desired confidence of decision. 

n is the number of tests to be made (sample 
size). 


Statistical concepts for quality assurance 
of highway construction are based on the 


laws of probability; consequently, these laws 
must be allowed to function. One of the most 
important requirements for proper function- 
ing is that the data be selected by random 
sampling. A true random sample is one in 
which all parts of the whole have an equal 
chance of being chosen for the sample. A 
table of random numbers is the best device 
for achieving a strictly random sample, but 
another method of chance, such as dice, the 
tossing of several coins, or a wheel of chance, 
often will suffice in highway work. The prin- 
cipal requirement is that the sample not be 
biased by a set selection pattern or by an 


132 





inspector seeking either good, bad, or repre- 
sentative parts for sampling. 

In addition to the laws of probability, 
another concept, lots, is essential to the 
proper application of statistics to quality 
control and acceptance sampling of highway 
construction. A lot is a uniquely identified, 
homogeneous portion of material or construc- 
tion about which a decision is to be made. 
The size of the lot may vary depending on 
the economics of rejection and on sampling 
and testing costs. The lot size must not im- 
pose a severe hardship on the contractor who 
encounters a rejection—the smaller the lot 
the better the contractor’s position. However, 
small lots entail more sampling and testing 
by the State—the larger the lot the better 
the State’s position. Therefore, lot size must 
be a compromise equitable to both. 


Production quality control 


The application of statistical concepts to 
highway construction allows a definite as- 
signment of responsibility for product quality. 
The contractor strictly is responsible for pro- 
viding quality materials and construction; 
the State has the prerogative of acceptance 
sampling and testing. 

Each contractor or supplier should have 
a statistical quality control program that 
will assure his meeting the acceptance re- 
quirements of the State. Such a quality 
control program can be patterned after the 
control currently exercised by the State or 
it can be considerably different. Much of the 
control of materials and construction can be 
accomplished by tests, usually called indi- 
cator tests, that are somewhat simplified. 
These tests are less precise but more rapid 
than the standard tests. When proper corre- 
lation has been established, a_ sufficient 
number of indicator-test results will provide 
control that is as good as fewer results from 
more precise tests. 

Control charts are among the most useful 
tools in production quality control. These 
charts, on which test results are plotted, are 
simple line graphs of the required quality level 
and of the allowable variations from this level. 
They pictorially present data so that everyone 


Figure 8.—Range, R, control chart for n samples per loi 


ee el a 


LOWER CONTROL LIMIT (L.CL.) : 
3 4 5 6 7 10 
LOT NUMBER 
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concerned can see the results and readily 
observe trends that may affect quality. } 
Control charts depict data in several way 
and they ean be of a simple design in whic 
the target value is used as the axis and th 
specification limits as the control limits. Suc 
charts show the variation of individual valu: 
or averages with respect to the actual specific, 
tions. However, when the mean, standar 
deviation, and the range of the material 
process can be computed from a sampl 
average and range charts should be used. | 


The average, X, chart shows variations 
the averages of test results. A central line ar 
upper and lower control-limit lines are use 
The range, R, chart shows variations in t 
ranges of test results. It also has a centi 
line and upper and lower control limi 
Construction of these charts is described 
any good quality control text. 


If the average, X, chart is being used 
control current production, a sample of! 
items is taken from the process at randc 
intervals and a quality measurement made 
each item. The average of these measuremel 
is then computed and plotted on the cha 
As long as the sample averages neither f 
outside the control limits nor show any n¢ 
random variation within the limits, 1 
process is deemed to be in control with resp 
to its central tendency or target value. 

When a range, R, chart is being used 
control current output, the range of a sam 
of n items is computed and plotted on the 
chart. If the sample ranges neither fall outs 
the control limits nor show any nonrand 
variation within the limits, the process 
considered to be in control with respect 
its variability. The X and R& charts must 
used together to assure control of both le 
and variation of quality. Examples of Averg 


X, and Range, R, charts are shown in figu 
7 and 8. 


Acceptance procedures 


For highway construction, the State p 
elect to use the results of supplier’s or ¢ 
tractor’s quality-control programs to ace 
material or construction. However, the us 
procedure in buyer-seller relations is for 
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‘tion. An acceptance plan designates lot size; 
where and when to sample, on a random 
basis; numbers of samples to be taken; 
method of test to be used in the quality 
measurement on each specified characteristic 
of the sample; and, based on the test results, 
‘procedure for making a decision. An accept- 
ance plan may be a simple statement or a 
complicated system in which many steps 
must be taken before a decision can be made. 
Examples of sampling plans will be included 
in subsequent installments of this article. 

When decisions are based on a sample, a 
basic truth must be accepted: There is a 
certain risk that the decision is incorrect 
because the sample does not truly describe 
the total of the material. One advantage of 
the statistical approach is the ability to 
design a sampling plan in which the probabil- 
ities of acceptance of poor material, the B 
4 risk, and the rejection of good material, the 
f risk, are known. When good and bad mate- 
y tials have been defined and the risks to be 
taken agreed upon, the number of samples 
required to make a decision compatible with 


| 


| relations and the methods for establishing an 
) operating characteristic curve, which denotes 


Summary of Research Effort 


During the past 4 years, the Office of 
Research and Development, Bureau _ of 
Public Roads, has actively promoted the 
following five-point program of research in 


i ¢ Awakening the highway industry’s inter- 
‘hst in the utility of the statistical approach to 
yuality control and acceptance testing. 

® Developing guides for research that 
would yield statistical data for writing 
_ eceptance specifications. 


* Gathering and analyzing data and dis- 
_jeminating research findings. 

® Designing and implementing projects 
»y which the findings of the research program 
‘tan be evaluated. 


y This effort is basically State research fi- 
jtanced with Highway Planning and Research 
“EL. & R.) funds. Many of the studies have 
» een conducted according to guidelines estab- 
ished by Public Roads Task Force; others 
, lave followed plans developed by State 
) Dersonnel. 

Early in the research program it was realized 
_ hat little data were available for use in 
‘ stablishing quality levels and variations in 
lighway construction on a statistically valid 
dasis. Therefore, a concerted effort was 
_nitiated to measure quality and its variations 
yn terms of existing criteria. Participating 
State highway departments have been measur- 
ying the level and variability of quality in 
, "heir construction. To date, 28 States have 
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conducted studies funded under H.P. & R. 
contracts and seven others have been investi- 
gating construction in State-funded studies. 

The objective in the formulation of all 
studies was to produce compatible informa- 
tion that could be used throughout the Nation. 
A booklet of guidelines (2) was prepared and 
distributed to the States for use in planning 
their projects. A method of obtaining sta- 
tistically valid data for an analysis of variance 
to isolate the components of variance was 
outlined in a suggested research plan. The 
plan permits overall variance to be divided 
into material or process variance, sampling 
variance, and testing variance. 

According to the research data received 
from the States, 50 percent or more of the 
overall variance could be attributed to 
sampling and testing in some of the studies. 
Results showing this magnitude of sampling 
and testing error indicate that a concerted 
effort should be exerted by each highway de- 
partment to train inspectors and laboratory 
technicians. 

Also, according to the research data, which 
has been statistically analyzed to determine 
the percentage of present construction that 
complied with the levels and limits of current 
specifications, a considerable portion of the 
construction is shown to be outside the limits 
defined by the specifications. In fact, as much 
as 30 percent of some construction, considered 
to be completely acceptable under current 
control procedures, may be outside the 
stated limits. This variation from the specifi- 
cations, in part, reflects the errors of sampling 
and testing, but there are indications that 
many of the present limits do not reflect 
valid allowances for the variable materials 
and processes used in highway construction. 

Supplementing the State research effort, 
the Public Roads Office of Research and De- 
velopment began a contract-research program 
in 1963 to further the development of statis- 
tical quality-control applications to highway 
construction. Many aspects of the task 
force’s research plan were based on the results 
of the initial study in which the contractor 
evaluated the choice of concepts available 
and pointed to the priority areas for study. 
The study conclusions were presented in an 
unpublished report entitled A Plan for Expe- 
diting the Use of Statistical Concepts in High- 
way Acceptance Specifications. Two subsequent 
contracts provided valuable information con- 
cerning the level and variation of quality in 
base and subgrade construction. 

A review of the Public Roads Standard 
Specifications for Construction of Roads and 
Bridges on Federal Highway Projects (FP-61) 
was conducted by another contractor. The 
final report on the contract was later used to 
develop a futurized revision of FP-—61—the 
first attempt at writing complete specifica- 
tions using statistical concepts wherever 
feasible. 

The Futurized Revision of Federal Project 
Specifications was never intended for use in 
highway construction, and distribution of the 
document has not been widespread. However, 
it has been reviewed by many outstanding 
highway engineers and by committees of the 


American Road Builders Association (ARBA) 
and other organizations. Most of the com- 
ments received have been favorable to the 
concepts incorporated in the specifications, but 
some disagree with methods of accomplish- 
ment and with items other than those that 
were treated statistically. The statistical 
applications embodied in the Futurized Revi- 
ston of Federal Project Specifications have 
been proved to be sound and are the basis of 
many specifications now being written. 
Subsequent information obtained from the 
States’ research studies and Public Roads’ 
in-house research has been used in the develop- 
ment of statistically based research specifica- 
tions for construction of embankments, bases, 
and bituminous pavements. These specifica- 
tions have been studied and discussed by 
many engineers associated with highway 
construction. It is evident from the comments 
received that some of the ideas presented are 
still not completely acceptable to the industry. 
Objection has been voiced to the complete 
delegation of quality control responsibility to 
the contractor and to the reduced payment 
schedules for nonconforming materials and 
construction. Primarily, the differences of 
opinion concern the degree of responsibility 
and the amount of reduced payment. 
Undoubtedly, changes in present contractor- 
State relations are needed to fully implement 
the statistical approach to specifications. 
These changes must establish end-result 
requirements that can be measured by the 
States. Practical considerations such as in- 
adequately trained manpower, equipment 
availability, and lack of adequate end-result 
tests in some Instances prevent an immediate, 
complete changeover from the traditional 
specifications. However, a number of States 
already are assessing the degree to which they 
are involved in the process control and are 
shifting as much of the responsibility to the 


contractor that is possible under present 
circumstances. Where adequate tests to 


measure finished quality are available, there 
is no evidence that ultimate responsibility 
for process quality would present a hardship 
to the contractor. Increased contractor re- 
sponsibility coupled with proper flexibility by 
the State should result in better and more 
economical construction and provide incentive 
for the equipment industry to produce equip- 
ment that is capable of high-quality work as 
well as high production. 

For certain operations, reduced-payment 
schedules for out-of-limits construction seems 
to be a necessity. The designation of really 
good material or construction and really bad 
material or construction is relatively simple. 
However, there is usually a grey area in which 
the out-of-limit material or construction may 
be usable, and removal and replacement 
operations are not warranted because of 
delays or other hindrances to traffic. For such 
material or construction the concept of 
partial payment is not new. In current 
practice, payment to the contractor is arbi- 
trated in after-the-fact negotiations. If sched- 
ules are established before the contract is let, 
the contractor will be aware of the risks 
involved and after-the-fact penalties probably 
will not be necessary. 
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Although objections have been raised to 
some concepts advocated in the research 
program, the basic idea of adapting statistical 
concepts to highway construction is being 
well received. Research data are being used 
by many States to revise specification limits 
to allow for sampling and testing errors 
determined through the research studies. 
Only one State has progressed sufficiently to 
include a complete statistical approach in its 
standard specifications. At least five States 
are known to be incorporating special pro- 
visions that were calculated on a statistical 
basis. Five other States have written statis- 
tically based specifications for some facet of 
their construction, but have not used them in 
contractual work. 

Rapid progress is being made in the adop- 
tion of control charts for displaying and 
analyzing data. Control charts can be used 
under present specifications if the inherent 
limitations are well understood. Their use 
will be greatly enhanced as more information 
on quality requirements and measuring 
techniques are developed. 

Optimum use of statistics in quality 
assurance can come only through the adoption 
of end-result specifications. End-result speci- 
fications will allow the proper designation of 
responsibility for control and acceptance, and 
they are the only means through which 
quality measurement of a completed segment 
of construction will ever evolve. End-result 
specifications require knowledge of end re- 
quirements and must be based on measure- 
ments made on the end product. The highway 
industry’s present inability to adequately 
define performance requirements and _ to 
measure performance quality dictates a major 
redirection of the research program. 
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Discussion of Research Results 


Information, data, and analyses obtained 
through research by the States, Public Roads, 
and others are presented in subsequent parts 
of this report. These data provide support 
for many of the statements in this introductory 
section. 

The indicated variation in materials and 
construction is, in fact, often attributable 
to variation in sampling and testing rather 
than to the materials or the construction 
itself. It is essential, therefore, that each 
State determine the sampling and testing 
variation associated with its current methods 
and personnel, and that it make a concerted 
effort to reduce test variations to a minimum. 

Many current specifications do not 
adequately allow for sampling and testing 
variations in the presently prescribed limits. 
Where such inadequacy exists, and it is 
impossible or uneconomical to further reduce 
these variations either by improving the pro- 
cedure or increasing the number of tests, the 
specification limits should be relaxed. 

When random samples are taken in sufficient 
number to adequately measure quality, it has 
been shown that a surprisingly large portion of 
currently acceptable construction does not 
comply with present limits. It may not be 
economically feasible to make sufficient tests 
for accurate measurement of quality during 
the control and acceptance process, but as 
stated earlier, the use of statistical concepts 
will make it possible to select the sample 
size in accordance with the importance of the 
decision being made and the economics of 
sampling and testing. It is therefore important 
that the validity of current tests as indicators 
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of quality be studied, and that new tests } 
developed that will better measure the pe 
formance of the end product. 4 

The variability of materials and construl 
tion is emphasized by the data. Present pr 
cedures usually are concerned with the avera, 
level of characteristics; however, even whe 
the target value is met, it is shown by stati 
tical analyses that a large portion of t/ 
materials or construction may be outsi 
specification limits. Accordingly, variation, | 
well as the level of quality, should be co 
trolled. To accomplish this control, a meth) 
of random selection of samples must be us ; 
The adoption of random sampling by indust 
will significantly improve quality assurance 
highway construction. 

The research program has produced ma} 
other findings that will be discussed in sv- 
sequent sections. However, additional de; 
are required before the results can be este. 
lished as facts. Some of the data being receiv! 
are not sufficiently complete to firmly este: 
lish the necessary basic relationships. } 

Discussions and findings for specific items) 
construction will be included in the next a: 
subsequent issues. | 
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i. Introduction 


IUYOR more than a decade, many highway 
; agencies have been developing an interest 
1 the use of hot-extruded (hot-melt) thermo- 
lastic traffie striping materials as an alter- 
ative to conventional paint striping. This 
ype of thermoplastic differs from the cold- 
ow preformed type, as well as from the hot- 
oray type, in that it is extruded onto the 
avement in a molten state. The hot-extruded 
taterial is applied by first heating the solvent- 
ree solid product to its molten state, at ap- 
Toximately 425° F., and then extruding the 
iolten material directly onto the pavement 
ough a die. The produced traffic stripe, 
‘bout inch thick, solidifies within minutes, 
ad can be exposed to traffic much sooner 
ian conventional paint stripes. 
| During 1965, the State highway depart- 
tents reportedly used almost 5 million linear 
‘et of hot-extruded thermoplastic striping, 
hich is equivalent to about 900 actual stripe 
diles of the material (1).! Its growing popu- 








‘Italie numbers in parentheses identify the references listed 


LIC ROADS ® Vol. 35, No. 6 


Thermoplastic striping material on southbound lane of Atwells Avenue Bridge, Interstate Highway 95, Providence, R.I. 


Comparison of the Performance and 
Economy of Hot-Extruded Thermoplastic 
‘Highway Striping Materials and 
onventional Paint Striping 


BY LIES OFEICE. Og 
RESEARCH AND DEVELOPMENT 
BUREAU OF PUBLIC ROADS 


In the survey reported here, the comparative durability, performance, and 
economy of hot-extruded thermoplastic traffic-marking materials and conven- 
tional paint striping were evaluated. All State highway departments, major toll 
road agencies, and several larger cities and county road authorities were in- 
cluded in the survey, in which it was shown that the relative durability and long- 
term economy of hot-melt thermoplastic striping materials were greatly affected 
by type of pavement, snowplow activity, and traffic density. It was also shown 
that, toalesser extent, other factorsalsoaffected the relative merits of these mate - 
rials. A guide chart was developed to facilitate selection of the more economical of 
the two marking materials. Selection parameters include pavement type, traffic 
density, and mean annual snowfall—snowfall being an indirect measure of 
potential snowplow activity. The chart permits selections on the basis of direct 
comparative costs alone, as well as on the basis of additional indirect costs such 
as traffic delays and potential accident hazards attributable to frequent con- 
ventional maintenance striping. 

Hot-extruded thermoplastic was found to be more economical than traffic 
paint under conditions of high traffic density and limited snowplow activity; 
otherwise standard traffic paint was the more economical of the two methods of 
striping. Bituminous pavements showed the thermoplastics to better advantage 
than did portland cement concrete surfaces. 


larity has been attributed to its rapid drying, 
or set, compared with traffic paint as well as 
to its superior durability, which thereby 
obviates the need for frequent stripe mainte- 
nance. Thus, compared to conventional 
striping the material potentially offers ad- 
vantages of long-term economy and traffic 
safety. Major limitations to a wider use of 
the material have been the initial installation 
cost—15 times the cost of ordinary striping— 
and premature failures caused by loss of ad- 
hesion to the pavement surface. In reports 
on two surveys conducted by the author 
several years ago, the advantages and limita- 
tions of this material were discussed (2, 3). 
Several other reports on the performance and 
merits of such thermoplastic striping are 
available and still others will be published soon 
(770505. 7). 

In general, evidence to date has shown that: 

eThermoplastics are much more durable 
on bituminous pavements than on portland 
cement concrete pavements. 
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Figure 1,—States in which highway agencies reported 
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eThe newer the concrete surface the poorer 
the adhesion; the material, after hardening, is 
somewhat subject to blistering, especially 
when applied to concrete. 

eThe thermoplastic is subject to snowplow 
damage. 

eThermoplastics may be more economical 
than conventional paint striping only when 
high traffic volumes are prevalent. 

Except for these generalities, no clear-cut 
broad geographical criteria have ever been 
established to define precisely where and how 
such materials may be used to economic 
advantage. Moreover, the technology of ap- 
plying thermoplastic striping has been im- 
proved in recent years; therefore, it seemed 
desirable to conduct an up-to-date investiga- 
tion of the performance and economies of 
thermoplastics, and, in 1967, a survey was 
initiated by the Bureau of Public Roads to 
evaluate new developments and performance 
data. The objective of the survey was to de- 
velop, if possible, clear criteria on the relative 
long-term economics of thermoplastic and 


STATES IN WHICH SIGNIFICANT EXPERIENCE WAS REPORTED, 


STATES IN WHICH SIGNIFICANT EXPERIENCE WAS REPORTED FOR CITIES OR TOLL ROADS. 
SOME. EXPERIENCE WAS REPORTED IN PUERTO RICO. 
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paint striping for any given location. The re 
sults of that survey are reported here. 
|: 
Agencies Surveyed and Informatio} 
Sought 


The type of information requested in tk 
survey is listed under the heading Data R 
quested in Survey, page 155. In requesting tl 
information, emphasis was placed on rece 
installations where quantitative informatic 
and conclusions were available. The request 
information was formulated to yield cual 
tative data on the comparative long-ter' 
economics of paint and thermoplasties, ; 
well as to obtain criteria used in differe 
localities to select one material over the oth 

The inquiry was sent to all the State hig 
way departments, to the highway depai 
ments of the Distriet of Columbia and Puer 
Rico, to most of the toll road agencies, ai 
to some of the larger cities and counties. T 
number and type of agencies surveyed, th 
replies received, and the number of agene) 








significant experience in use of hot-extruded thermoplastic striping. 
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Highway or bridge agencies 
































1Included: Delaware River and Bay Authority, Florida 
State Turnpike Authority, Illinois State Toll Commission, 
‘Indiana Toll Road Commission, Kansas Turnpike Au- 
thority, Massachusetts Turnpike Autho.ity, New Jersey 
Highway Authority (Garden State Parkway), New Jersey 
‘Turnpike Authority, New York State Thruway Authority, 
Ohio Turnpike Commission, Oklahoma Turnpike Author- 
ity, Pennsylvania Turnpike Commission, Port of New York 
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‘ceporting significant experience with hot- 
axtruded thermoplastics are summarized in 
sable 1. Approximately half of the road 
‘agencies surveyed reported some recent sig- 
"nificant experience with the material. 

‘In figure 1, a map of the continental United 
 3tates, the areas that reported significant re- 
sent experience with thermoplastic striping are 
shown; the major areas of the country were 
vell represented by thermoplastic installa- 
ions. 


j 


Tabulation of Survey Results 


The responses of all the road agencies 
‘eporting substantial experience are sum- 
narized in tables 2 and 3, as well as in the 
‘jection Comments by Agencies Surveyed, 
page 155. 
. Table 2 is a tabulation of the data received. 
‘n column R of table 2, the average useful 
jife of the thermoplastic stripe reported by 
- ach agency is shown, either on the basis 
f fully achieved life or on an estimated 
)§ basis wherever the stripe was still considered 
‘0 be serviceable at the last inspection. 
Xesults shown in parentheses were estimated 
‘y the author when the agency failed to 
eport the estimated life and sufficient data 
vere supplied. These estimates were calcu- 
uted from the percentage of stripe lost up 
’ 9 the time of the last observation and were 
 xtrapolated on the assumption that the 
jaterial would reach its terminal point 
chen 40 to 50 percent of the stripe was 
)st—an approximation of the terminal point 
riteria used by several surveyed States and 
f that mentioned in a separate survey con- 
ucted by the Institute of Traffic Engineers.? 
Related data on conventional paint striping 
or the same or comparable locations as 
ose used for thermoplastic striping are 
jown in columns S and T of table 2. The 
lative long-term economics of thermoplastics 
ad paint are presented in column U. The 
‘ata in column U were calculated by dividing 
je unit annual maintenance cost of thermo- 
ea striping by that for conventional 
unt striping. Values greater than one 
dicate that conventional paint striping 
8 a long-term economic advantage over 
lermoplastics; values less than one indicate 
le reverse situation. Here again, values 
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- 4 
{ * Model Specifications for Thermoplastic Pavement Marking 
| aerials, Institute of Traffic Engineers, Committee 7M (66), 
il pie 1967. (Unpublished draft of standard under review.) 
‘7 F 4 
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Table 1.—Summary of responses to questionnaire 





| States, District of Columbia, and Puerto Rico____.._-.__- 
ie Moali-road and bridge authorities__...=-..-...-.---.=-=.-=- 
BME OOLIN OS 2. ozo sone et. a bs Sone on a See ce 


Number Replies Number reporting 
surveyed received significant experience 
with thermoplastic 
ees 52 48 31 
ee 117 16 a 
ee 216 13 8 



















Authority, Richmond-Petersburg Turnpike Authority, 
Tiiboro Bridge ana Tunnel Autho.ity, Texas Turnpike 
Authority, West Virginia Turnpike Commission. 

2 Included: Atlanta; Baltimore; Boston; Chicago; Dallas; 
Detroit; Los Angeles; Los Angeles County; Newark, New 
Jersey; New Orleans; New York; Philadelphia; Portland, 
Oregon; Providence; San Francisco; San Francisco County; 
and Seattle. 


shown in parentheses reflect calculations 
based on the author’s estimates. More than 
one numerical entry in any column of the 
table reflects the data for more than one 
type of stripe, as shown in column O. The 
first numerical entry is for the first type of 
stripe listed in column O, ete. Where a single 
numerical entry is shown in column U or 
preceding columns, and more than one type 
of stripe is shown in column O, the numerical 
entry refers to the first type of stripe listed 
in column O—usually a lane line. 

The policies or criteria reported by the 
various agencies as to the conditions under 
which they permit or justify the use of hot- 
extruded thermoplastics striping are sum- 
marized in table 3. In those agencies with 
established policies, the use of thermoplastics 
is generally restricted to areas of high traffic 
density and excluded from locations subject 
to heavy snowfall. A few agencies use the 
material only on bituminous pavements be- 
cause of its somewhat erratic performance on 
concrete pavement. The few agencies reporting 
numerical criteria in terms of average daily 
traffic (ADT) show a considerable variation 
in this requirement; this will be discussed 
more fully later. 

A summary of the qualitative and subjective 
remarks by the agencies reporting experience 
with hot-melt thermoplastics is presented in 
the section Comments by Agencies Surveyed, 
page 155. 


General Observations From Survey 
Data 


Some general observations are evident from 
the data shown in tables 2 and 3 and in the 
section Comments by Agencies Surveyed, page 
155. These observations are discussed in the 
following paragraphs and, unless otherwise 
indicated, the remarks are applicable to data 
on 4-inch-wide longitudinal striping—either 
center lines or lane lines rather than edge or 
transverse markings. 


Installation costs of paint striping and hot- 
melt thermoplastics 


The reported costs for conventional paint 
striping varied from as little as 0.9 cent to 
as much as 10 cents per linear foot of 4-inch 
stripe. All reported costs reflect the entire 
installation cost—materials, labor, expendable 
supplies, equipment depreciation, etc. The 
10-cent figure, much higher than the other 
reported costs, was reported by authorities 


in New York City with the explanation that 
the city’s high traffic-control expenses ac- 
counted for much of the cost. In general, the 
reported costs for conventional striping were 
based on installations made by the ageney 
itself rather than by a contractor. From the 
data reported, the average cost of paint 
striping for open highways was calculated 
and determined to be 2.2 cents per linear 
foot of 4inch longitudinal striping. This 
average cost seemed to compare reasonably 
well with a detailed cost analysis of paint 
striping made by one agency, the New York 
Department of Transportation, which re- 
ported an average cost of 1.7 cents per linear 
foot of paint stripe for the year 1963 after a 
an intensive study of this aspect alone (8). 
It was shown that approximately 36 percent 
of the cost, 0.6 cents, was for paint, and that 
the remainder, 1.1 cents, was for other items— 
glass beads, labor, fuel, supplies, equipment 
depreciation, etc. Assuming the normal in- 
flationary rise between 1963, the time of the 
New York study, and the time of the survey 
reported here, 1967, the two cost figures are 
comparable. A few agencies reported contract 
costs for paint striping, which were approxi- 
mately one and one-half to three times as 
high as when the agency did the striping with 
its own forces. 

The reported costs of thermoplastic instal- 
lations ranged from a low of 17 cents to a high 
of 68 cents a linear foot of longitudinal 4-inch 
stripe. Generally, the few agencies reporting 
extremely low costs had either performed the 
work themselves or stated that the contract 
price was the same as the contractor’s cost 
or below it because the contractor had taken 
a loss to demonstrate the merits of the ma- 
terial. In general, extremely high costs were 
reported only for very small installations or 
for city installations in which the cost re- 
flected expensive traffic control and slow ap- 
plication rates. The average cost of all 4-inch 
longitudinal thermoplastic striping was cal- 
culated to be 32.7 cents a linear foot, and 
generally represented the average contract 
price for large installations on open highways. 
This calculated cost is similar to that reported 
in another survey (2) in which it was pointed 
out that the installation cost is very much 
affected by the quantity installed and the 
extent of the performance guarantee provided. 


Pavement precleaning prior to thermoplas- 
tic application 


The type of pavement precleaning reported 


by the highway agencies differed. Some 
agencies did not preclean the pavement; 


others precleaned by one of the following 
methods: Sandblasting, brooming, air blast- 
ing, buffing, or acid etching. Many agencies 
did not know the exact nature of the pre- 
cleaning performed. The most prevalent prac- 
tice, especially on bituminous pavements, was 
no precleaning at all. There seemed to be no 
significant trend in the type of precleaning 
with respect to pavement type, except that 
sandblasting and acid etching were restricted 
to concrete pavements. Agencies having ex- 
tensive, recent experience with thermoplastic 
materials prefer special precleaning methods 
for concrete surfaces. For example, the 


137 









































































































ai aise a Sia as eT Soe = 
\ 
1 q * . 3 . a , vw 
Test-site data Thermoplastic-striping data 
i aor cet Lees. Se sis el 2 pia 2 is Ps ea ee | _ 
a | ; ADT? Pavement 
tx = ee ee | | ee eS ee 
ad Agency Snowplow |Approximate) Date Pavement 
Me Project and location activity | meanannual| striped pretreat- | Primer used 
f a Total Per lane | Type 2 Age 4 snowfall 5 ment 
ee (A) (B) (C) (D) | @) () (G) (H) D (J) (K) 
$c 
re | 
% Thou- Thou- Month- 
sands sands Years we Inches year 
— Alabama-..-....--- U.S. 231, between Tennessee 15-30 47 B IN GW senee Negligible__- 4 3-59 | None_-_-_--- Noneoce-eeee 
4 River and Huntsville. 
ay ae eae: 107" Phoenix. See ee 50 8.3 | C dese a es None:-.2-_-- 0 10-62)/2 222 d0--=s=28|) Rubberseas 
. Avcansas. 2-2-1 1-30, S. of Little hy a 12 3 0.3 2 ese | ae eee eee 4 4-636. oe eeee ae Pliobond____|----- 
3 T-80:10,000ftrelevation 2 .< 2c ane ee eee Gy Bis eee See eee Heavy. ._.--- 100+ PEBOINS DI 19am eee ee dott as 
c Routes 20, 49, and 149, Grass  =—Ss- |_________- 5 lee ta eee tes ight2t see 60 9-65 |_-.-- do. ale ee dos (yee 
. Valley, 2,500 ft. elevation. 
is O4:A lates VBerkeloye se oo eese ee ee ee 8 Bet see eee INONG= sesso 0 12-684 |L Ss See ee ee eee 
or Anode O4-8F=101,-San: Brancistos2 32a oe eee ee 9 Br > alice tes eter eee Gorse 0 2-61. cul ee ee eee 
California___-----. 04-SF-101, Bayshore Freeway,  |______-__- 209 se eae eee eee oe Gomes 0 7-58 |.---~---------|-----~---=----|-=------2 
San Francisco. 
F-071-1(1), Lig sere aro wea ers tena 2 an Sol pea ee alt anes eee eee eras is a Peed (en Rae Seed = ER ; 
1-606-2(76)127; Wyos Angeles: Soe e- |e 2225.8) FLO) 9) Se eee Oe ee == 204 Boe ee ee a ee : 
oh ; d ae vation (25), © Ui a eae B New and old_|----- okies. eee 0 7-60 | None: 2. None 
Summary and general observ = { (By ee eee fete wl ieee dows sb e dona 0 F=60h| spleen Pliobond____|_____ 
Connecticut. -....| I-91, Rocky Hill to Hartford --._-- 42 aa 8 6 News 23-3. Heavy..._.- 50 11-63 | None__..._..| Epoxy *°____ 
{ Gainesville, AY 3, 5and7 and be 4 3 Se cone deen ae pes ee oose. 535-2. 3/6 ae ee 
: University Ave. LT Rie ee: See eee a eee ae Osssessehi fe Us Gi BOSONS Sas | ee 
Florida__--_-.----.|] 1 P-506-A, Gainesville, Waldo 6 1357 rae eee eee None._-..... 0 7263" 3 a None::322|..2= eee E 
Road. 
TPG06- Gos Se Ee ee eee 8.6 GRD Ce) Oe ee eee doses 0 7263 iis See ee ea 22 
e 
I-95, Dade Co., Miami___:---_---- 87 11 OI We SEI ag BEBE OS. dovaee2. 0 3-65" | ‘abreeee Epoxye_ secs 
FAI-55, Stevenson Expressway, |_________- 13 Cc «yea fe tee Snes HWeavye asses 36-60 11265") Seta Saree C0 Cee ee We 
Chicago. 
Mllinois____--.-.---|; Edens Expressway, Chicago -- ---- 90 15 c Geet eee eee One eae 36-60 9=bi|t Di ees Pliobond____|_---- 
| General observations (Chicago Ai gh eee So ee ies Es eee eee ee Heavy.----- 36=60 - 2. aan re ee ee ee H 
area) ; 
| CRB Gary.2 55. eee, See ee 9 te Olde Licht eae 60 7-63 | None__-.--_- EpOx yes 
indiana 22 2 - + OS. Qe Or. WayNS aes ser eeon- ole ee eee SoS Ae Bn eee do aee ee O24. = 36 7-63 |_---- O32 eres OS nes 
U.S) 38, Rranklii 0235s "o ce | eee 49.1 B Newel dos 12-24 6-64 |_____ (0 Kaeo keg) |e dos S28 ar 
OY Gece Se a= oe 1-235, Des Moines Freeway-------- 44 11 Ce eee do_......| Moderate___- 24-36 6-64: | ANeldae 2s esi es dos 
jr 70, "LOPeK as 6 ase ee eee ane oe ee 2 (G' ey MAL Sree doz seas 12-24 1-627 DrTOe eee aes RUpDer eee see 
ROSS AS eer eee ees LAS. 50K AM SES Cal by tas nemeen eee [ene ae nee vs Bie" fee eee eee douse 12-24 1I=50U eae dot. =| "N6neh =a tee 
8.60" Kansas City. 22 eee a oe ee AS ||| Bis ay Vie Oe ee es doses 12-24 7-59 |____- doses eS Om ees 
I-264, _ U.S. 60, Louisville { 19 5 (8! 1S eee ee oe 12 11-62 oe 36_4.2.| Phobond= sae 
(Site 1). 19 5 Cc | 3 ee | |e Oca 12 I=62) | Sone Ofte Ones 
[-264, 8. ioe 60, Louisville { 55 14 B ee See ich ese aie ees oo oe 3 ea 
Sages 2 55 14 B pipes OR ies al ee Ona 2 —6§2 }-..-. Ogee Sees Oss tee 
[-264, pos . 60, Louisville | 48 12, B Ds Js eh Re ee | ate ao ere ye aes air Be a Be eR 2 Ts a epee 321 
(Site 2 48 12 B pes BS age PE Et ars = 2 1-62 422 = Ce ee se) ee 0.2 
eo U.S. 60, Louisville (Site { 43 ll B VOWS 2 8 a AP | hae Ge ae ew 12 11-62 ||_ = _ oe | Seer Be the 
2C). 43 11 B 7 A? ne BLN | hcg es 0. 12 1-62 ooo OSAe eae Cy emer 
Bes yaa tgi pias Co. { 10 2G 5 GA Tae Medium _ ___ 12-24 10-62) | Seas ag ieee Sl Geen : 
mi 3, - (Site 3). 10 2.5 | C Lt eS eer |e Leow 12-24 10-623 eee Ozcee. See One 
Kentucky-..------ 1-64, Clank sonigomnnr? Co. { 5.8 1.5|B CME aS Bae Low. eae 12-24 ico eee do TA Woo do Ca: 
(Site 4). 5.8 Leones (Lane eee fe aes OR eee 12-24 WA—62 ie Od ate eee (Ohne ones 
df Ue Ae ee gees 9.7 2.4] © Sib SA a Soa Medium _-__- 12-24 6-65" | Alpen Seas Epoxy ---.-- 
i oad (Site 5 
I-64, S. Frankfort (Site 6) -.------- 8.8 PAOLO! Bi 5 eens eee dos 12-24 6-65 |}. do. Nee dots 
’ I-64, E. of I-264, E. Louisville 15 4 ( 0:6. 2.c8 oes don Se = 12 6-65 |.---- d6¢ 223 iiies sd 
ie (Site 7). d 
i me ee he E. Louis- 52 13 CG D8 Soe Se High ee 12 6-65 |____- d622- see doe ae 
; ville (Site z 
' 1-264, SE. of Louisville (Site 9) -__- 59 15 B Ot nyc See ae dose 12 6-654 | eee: doses None 23.22 
: DURING Soe e aocee eas Auvigusta, State. St. 22-02 eee ee Be 6 B Old === Heavy. eecss 60-100 
Baltimore Beltway - -..-----.---~- o i Cc New S42. -44|:-=2 ee maha 12-24 
Tare, + A 0 10 C Old sees Sees Oe 12-24 
Maryland. --..-..- Beat 193 Conn. cA Ves--sseeee ene 40 10 Se a =y. Pema HR agin 12-24 
U.S. 40, Flintstone Bypass_-_------ one 6a B Waite ae Caller dose 12-24 
U.8. 127, S. of Lansing. _---_.-...|{----93--|--e B Old ae bik haga oan 
AGA Te\ a1 g: 10s ae ena Pope a te Run eee SEG yy Ec oo qos ee Sie lee (Op poser pecs Comes 36-60 
7+ age Ee 75 & I-375, Chrysler Freeway, 30 5 re) Newal een | Lights ea 36 
Detroit. 
T-494-4(65)231, near Minneapolis - _- 58 10 C 2-4. _-------- Heavy-.---- 36-60 
Mi 58 10 B39 2-4 Seer Ste ee do-t-2ees 36-60 
innesota- .----.-!]7_g5w.3(g1)112, Minn.-St. Paul.--- a as). G Sele fa eae rae ie 
: 1-35-6(82)205, near Willow River-_- 3 rh) aes | GE ES hd BE eS 60 ; 
. -55-4(23)240, N. of B 5.3 Be |S NeW Slights-se-— 2-4 Pliobond #2__| Cat__ 
Spatinegica iene 5 tia Lot By bs Pe Dee dostaics 2-4 do do 
ae ly F-008-2(9), N. of Hattiesburg, vg TESTING New None. 0 
Mississippi-_-_-___- Highway 49. 
F-008-1(8), 8. of Hattiesburg, 6 15/¢C Olde alae hoe! 0 
Highway 49. 
F-018-3(2), Starkville (MSU), 2.8 0.7/¢C News ares dose ee 2 
Highway 12. ibs 
P I-80-9(106), near Lincoln..._..-.--_|_.... 3.51 C ee ee Moderate - - - 24-36 
Nebraska. -...--.. |)1-80-9(107), near Omaha_____ 311¢c 5 ee. Peer pe fie 94-36 
1-2: -9(108), near Omaha 5.610 Ee LO = ee anes 24-36 
New Hampshire - - pF neta oc Concord to Canter- }_...______ 3018B New. Heavy ___--- 60-100 
New Jersey ------- U.S. 1, N-S Freeway, Trenton___-_ 20 5 Cc Old. tee Moderate. _. {2°94 31 o- cote 
New Mexico- -.--- 12h, A lbuguerquec ce see ec ee. eee 4216 0.25 and 4._.} None......__ 12 reB268 io! do oeeaes 
See footnotes at end of table. 
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Amount of striping a 
~“ Type of 
- stripe 8 
(M N (O) 4-inch 
) ou width 
RRITORY 
Thousands 





30 
,L, 8 36 
tag 36 
ae Bi 36 
44.19 

,E 25 
43 
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Installation cost per linear 
foot of stripe ® 





(P) 
6-inch 8-inch 
width width 























Thermoplastic-striping data—Continued 


Amount of stripe 








lost 
(Q) 
First Total 
year lost 
Pct./No. 
Percent of yrs, 
0 8/0 
0 0/5 
et ED ae 17 8/2 
>50 50/0, 25 


1/2 





























Average useful life 
(R) 

Actual 2 Esti- 
mated 18 

Years Years 
ih es Te 1512 
pe Pe ee 8 
fe ike aoe 3 

Ee S| eh re Ss ee 








81 47 66 
ae Ose 66 
47 66 

et ee 53 





“2%. 


Standard paint-striping data ! 





Materials and installation 
cost per linear feet 10 


4-inch 
width 


Me 0 pores 


0.9 


0.9 
0.9 


79 


1, 25 





0.8 





(S) 


6-inch 
width 














Ratio of long-term cost, 











Average thermoplastic/paint 1 
useful 
life (U) 
8-inch CE) Deter- Esti- 
width mined mated 14 
Cents Years 
See eee a b<] oe ee <1.3 
ee es O30) eect a 0.6 
18.9 O86) «Neato ee ee 1,2 
Peet crea ke Me Sed eae Sle) | Serere cet: 
2 See ae) N25) ae scene 0. 63 
Font ae Be Ould = |b. | he oe a ee 
ee Cotes 16222 eee 
0. oil Wn eee 
ee ee Oo Se ee. Sates aie ee 
PS Ree NG EAS (C0) Ree beter | eee tS 
Seale Pere LiSy (ees 208 eee 
ef ee QS Oia ee Fer os 5) ree eee 
ET Stee SSE Mig ee cee Sek eo ae oe 
QUO ee eee heer a 1 
Atel Sins ae 0. 25 BG peoe cee ae 
0. 33, 0. 50 al bas ial ot See 2 
ae ee 33 SUF Ae See 
pe Bi, pees se 2 
ae - CaS a cps (6) 
Sg so ecesnss 
15 LP eee ae eee 
15 1 ray Ve Ee ay eae 








NWWNNHWWWWWWNN SOF S HOS 


ee Leet ol el 


bob 








ne 


ee ee err 
Re) 


an wo ao 








1 co ph ee ENR ee ia 





Agen 
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. 4 7 ; , n Pe 4 hl sy 
Pr 
Test-site data 
ADT? Pavement 
Agency J Paar ia et 
Project and location 
Total | Per lane | Type 3 Age 4 
(A) (B) (C) (D) | (®) (F) 
Thou- Thou- 
sands sands Years 
I-81, Jefferson Co. (FIM 61-4)--_-_- isfy [a3 OW sees 
I-81, Jefferson Co. (FIM 61-4)-_-___- 5 15/B New 42 ——- 
Southern State Parkway, Suffolk ties ae ees 3 C Ve ae a 
Co. (SSP 62-3). 
Hecksher State Parkway, Suffolk Py il OR eh AE Cc pS ee Pao 
Co. (HSPM 63-2). 
Meadowbrook State Parkway, O8 lee Cc Old and 
Nassau Co. (MSP 62-8). new. 
BS ie coe eee Be Sele k COs 
INP Wed OLK soe 
Fire Island Inlet Bridge, Suffolk ASD WAS pense Cc INeWweseeeee 
Co. (FIIB 64-1). coe eee et IB) pall tees Goss 
Northern State Parkway, Suffolk GUAR Oe Re eee Cc Olga 
b Co. (NSP 65-2). 
\, I-81, Jefferson Co. (FIRCM Or Bees eeae B New-------- 
t 65-134). 
US 220 2WisOfcA l baliyaene =. sere SWANS | ate ee eee 4 Cc 1S oe 
: I-81, Oswego Co., (FIM 61-1) _____- i (Nes Sates se G S322 eae 
t I-87, Saratoga Co., (FIM 61-2).___- (ional Eee 0 oe C 0.25-1__..-2 
“J-490, Monroe Co., (FIM 61-8) __--_- SO AA ee ees Cc 025-22 aes 
| Obig- ora ae Akron, Youngstown, Ravenna_.--| High____|___.__._-- Bye Old and 
new 
ore ace Oklahoma’ Gitye=-s22| eae eee 7 B NeW 2 a=se= 
Oklahoma-_-_._....-.|)SAP-16(9), U.S. 62 in Lawton_____|_________- 4 C News2 
} Leer ere Soh ke BE Sep A ee a 5 (en Vere Comes 
: |\1-35-4(47)142,.S; of Guthrie s 224225 es cee 78 cease co Koy Sed 
FI I-5, Minnesota Freeway, Portland_|__________ 8.5t|" Ciatall dee etn wee 
R Ptavor, 0.8. 90bsSalenin ee oe bs ers Pee 4 B Old =a eae 
I TOES JE a Dee ORO KISE Oni amen Stor 2 "eB INGWo suceeoe 
-. TS 20)Santiam: Pass.2 esses ese) eee 1 B Oldirees= bs 
y 
f 
4 ; hate |W sete Fe a 6.2-11.5.| B INOW ee eee 
\ ee mag ovidence --.....-...- i ae Bo-1 18 4| BY eee te do ira: 
‘ +06; Providence ss ee se te 1 es Sa el ied be || ee ee (Oe eee eh 
; Rhode Island_____. 1-05, Providenceta-.. 3. te er ee TBE MS News 
I-95, Cranston, Providence__._----|__.._.__.: T=—14537)6 Bee wales = (sfoyse- Se! 
i I-95, Providence, Warwick_.______-}___.._____ CATES Be ee eee eee 
v 
h I-26-4(24) 175, Harleyville to 3.8 1 B,C New and 
ie South Carolina_____| Ridgeville. 0.5. 
NS | I-385-2(28) 58, Greenville_._______- 7.5 1.9| B 
i 87.6 14.9] C 
AMS = eee ees I-45, Gulf Freeway, Houston 87.6 14.9| B 
(District): Sass s * le ee ee 87.6 14.9] C 
87.6 14.9| C 
| (I-94, East-West F ae bP tite 
ee : tast-West Freeway 72 12 C 
Wisconsin. --__..__. Milwaukee. f { 72 12 B 
|1- 804 “Milwaukee 26 225 eee. 32 8 C 
ane Gasper (City Street)o eo. tee eee Peis 135 
ry Wyoming. -........ er Gasper.c#-i2*3 ork seas. tal See oe Pays: 
Dreier rte bein A ew Dts, 5.2 
District of {w ISCONSINNAVG., NW htae ose oe { Be Ae 5.2 B 
Columbia. | ais Rae he ONES SS 4.21B 
Georgis A veINWess- ae { spies, 42/18 
PR-23, Rio Piedracss i.) wane eee ee ae 8.4] B 
Roosevelt Ave. 
: Fernandez Juncas Ave____________ 36 9 Bit iy ste wee cee 
Puerto Rico_...._.- Balderioty de Castro Ave_________ roe eee Bia Seco oe eee 
| Dene cea LASVG i. a eeeee aeid noe CY ee? | Sepis Sovee 72 BY ie 2 ee 
||State Rd. 1, Rio Piedras to 
|\ Caguas. 74 18 Ci yi ack eee ee 
Illinois State W Tollway, Plaza 61_..__...____ 38 } Ol 
Toll Highway IN -W olw By, Placa 105) oi, ee 3 A day ------- 
Commission. bs ar. 3: Plas $3 2 oS ee IP eras 3 C “ree does 
New York State (Bova Ch aie pl eee eee (tee Cc 
Thruway (Wi Aang eo een bate We ieee ee eee Gift eae 
Authority. on i ieeGis Sores 68 gear are ce tay Me Le Pe 
Port of New Yorx | John F. Kennedy Airport._____ 7 
Authority. : POT -------- =| ~~. - =. YE Ong a | ae Sn oe ee 
Triborough General experience 


Bridge and 
Tunnel Au- 
thority. 
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See footnotes at end of table. 








































ite Bs . wh Cas te a eee ae 
‘a + lee able 2.—Lah 
Oy eS 
Thermoplastic-striping data 
Snowplow |Approximate| Date Pavement 
activity mean annual| striped pretreat- Primer used 
snowfall 5 ment plastic? 
(GQ) (H) (D (J) (K) (L) 
STATE OR TERRITOR 
Month- 
Inches year : 
HGavyeeeees 60-100 10-61) |ct S322 eee Synthetic 
rubber. 
ee dos 60-100 10-610) |b see 225s uo ynenene ‘ See 
rubber. 
Moderate____ 24-36 10-63) | Aire aoe ee Epoxy 28, 45__|_____ 
Se G0. seeas= 24-36 10-63' ||2--22d05 2252/2282 00 Sees 
ee Goi t= 24-36 9-64) |2=----d0l 22: Eee do 48 eae 
VES Comes 24-36 9-64 |.-.-.do__..___| Synthetic es 
rubber. 
Moderate___- 24-36 10-64 2522 d0z=--e-= | Epoxy ees eee 
ee 3 dousece. 24-36 10-64 |-----do__.....| Synthetic eee Si 
rubber. 
re Oe 0 eee 24-36 9-65)"| --=--do2--.=_.|) Epoxystaee.|- eas 
Heavyeoseee 55 1O-G5uils DIN eee ee Synthetic 
rubber. 
poem dO-2ee es 60-100 6-60 ‘232020024. 22-2 Css dO See eee 
oe! Glaweaee * 60-100 7-61 222. dOsl 2282 soa as OS 
anaes dost 25 60-100 11-61.) 221d 0: 3s doe 
ee (Losses Foe 60-100 10-6fs}=2=--d0LL =| Sd ee 
eae A doves 36-60 11-64: | Clean. =_--2.| .None2-2-22=8 
None-==_ =. 6-12 8-61) NON e=a= === DPOXVensees 
ere domes ee 6-12 8-66) || Nonetse0 221/222 douse seer 
caw doi sas 6-12 4-61, 2232 Sd 022 eee Sea: Osea es 
ue eer doteseeue 6-12 10-61 [ecu -2 O22 Alcatel ose ee 
eer doe * 12 9-65 |---.-d0..._...| Pliobond.---] Catia 
ee doa. 12 9-65 en 0° 85252 |- =s 2 dO seen eee 
a Ee dos 12 Plicboridises|soeee 
Heavy-.-_-_-.- 1002300) 8) = 99265: |= COR eee ames dose ee 
aye 70 (a eee 36 Noneli 222-2) ae 
neerEN do see 36 OFS 32825 d0s eae “5. Oa 
Raha doles 36 StS ES doa 
eee dont. 36 Pliobond 2 
oe! do = 36 = Atk Pe Oeeeree 
ae ae dos" 36 sSckh asec eee |e ae 
None sss 9 Synthetic 
rubber.48 
4 A 29-62 eee 0 nee We oe _.-.-d0mm 
0 ONn@2s-—- So a= 
0 do...5: J}: vedo eee ‘Perm. 
0 Unknown._- 
0) 8) 8459) Poe do eee ee do. |e 
O |. @ 44569" |S dota do. ES 
36-60 Epoxyecenae 
36-60...) 95 8-86\|--- 3 dige 2 ape ae do._-----|__.. 
36-60), |, 8-66) Sblo eee eee dos 25552 ee 
72 Unknown._- 
79°9\"" 50-651) 2 0a a ee OGRE ee 
12-24 Nope... 288 
12-24 1322} 00 tees | sees 
12-24 2 d0l sees 
12-24. | 9262). adore Base (CaP ee 
Owls 18-6402 ee a ee dome 
oe en dot ae 0 DOyecdGeeceaes 
BF Sea, doses 0 iweetie toda 
stake dGse ess 0 ce adedoe eae. | se ee 
EDOxy = sac 
~ ae do.----_. 0 (BRR a 
Heavy-_-_...- 12-36 3-65) Drmeesee ee 
cpa douse 12-36 7-66.) 8: 00: Ss eae 
eee doves =: 12-36 7-66: [so doe oe 
Secs ae 36-100 6-60 || eee 
ge ey 36-100 6-60) je oe i 
Acilye-soss 24-36 10-67 | None-_-__..__- Epoxy 
aR ee See 24-36 | oo ko cete ee 
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4 + _ > Pa 
jontinued af 
Thermoplastic-striping data—Continued 
” 
... Installation cost per linear Amount of stripe 
nount of striping mn ‘ foot of stripe ® lost 
i eo 
stripe 8 (P) (Q) 
(O) 4-inch 6-inch 8-inch First Total 
width width width year lost 
pein Pet JN 
of linear ct./No. 
feet Cents Cents Cents Percent of yrs. 
‘ 20 Gee ea toa eee — -60/5.5 
15 
E PAINS Sh Sa = A Re SS a a 15/5. 5 
304 L caters MS i a st 10/4. 5 
250 L SURGN lye Po eh ee eee 1 5/4. 5 
(r SO mn eee eae eee Pe ea! 13/3. 5 
34 
L otis WS oe ae Ne es ee i a eee 1/3.5 
49 eu dey ot || Seen tee 5 Cit| py Say a ba ee 5/3. 5 
L SO MERE meee ee eee es ae eet 1/3.5 
eet 174 L B4 eal eee S| 20 a Oe 1 5/2. 5 
Z 600 y Ey, PATS Dit 7 Oe ee ee 0} 572.5 
3 ee ean Sees od 2 se Ue) Soo. 2 kee LOOM tera cee 
111 L PANSY |p eee ae TE, ee [Pas a eae 10-20 69/3. 2 
248 L aah ete sores | Se Bere Seu 60 95/3 
88 L Yip wll a= SEs Sahl ne sabes 70-80 95/2. 3 
v7 4 li, G org SP ates oe S2itels Ree cal 20-+/2 
90 TE Cre: Bin |e Ss 2k [a ee oe 6/3 
aii4| 2 ae hee Zoe eee ee fee em eee 0 0/1 
9 L, E, G Olea] eens |e eee | 17/4 
92 L,G ED Nee Cee) eee. 5, PE ae ae ie 6/3 
13 L 33 1/2 
ll (r 33 15/2 
L 33 1/2 
10 C 33 40/2 
82 = 29 48 CON eee 2/8 
E 29 48 (th) ee oe 2/8 
118 E 31 48 GON eee ees ee 
118 L 31 48 60) Rese ee 
302 E,L 31 48 GON ee abe ee ee 
358 E,L 31 48 COU ak eas re ees See 
24 L BHP cella Be = SC tei NE oe all ines, SPE, ml lise = eeaeaeo rete 
Mans A ae eee arenes ee je 
my {r Sele te eres rc eee A. ee |e 18/6 
L OOO Mee ire Mere ee ete eee Ee ae 35/5 
18 L COR n emer fia er ane ot Lon Se 21/6 
LG AS | oc Mao saith coral 
we {eG oe ee el eg a00'| tee ela 
8.4) L EY] oe ees CO eee het eee et 
0.2) L 
CO) Fe Bs 
peeks C,L 
Peen.G i 
IBZ MG, 
= ky ieee L 
aoe C,L 
fF Re Bere ee (3g) eel er 8/2 
ST ee Lae eee 65 8/1 
eo are dee eee COUES ts cet 8/1 
5 ey EE EN Ne aN | 100 8: Fe ere 
ere ee Nh a te 100) eee eee 
19 L (Dp WN. ee es df Rae. ele Pace ee a eRe ee 
Ee en os! L 37 sat | Se ee ee ee 
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Average useful life 


(R) 


Actual ® 








Esti- 
mated 18 








Standard paint-striping data ! 


Materials and installation 





| 








cost per linear feet 1° Average 
useful 
(8) life 
4-inch 6-inch 8-inch cn) 
width width width 
Cents Cents Cents Years 
a Rola | bk SS EPS ae 0.5 
2470 ¢||2 = ee tS ee ee 
LIS i lk a Seer nl SS 0.4 
IT >| |e Bere Stee se ee 0.4 
AW ||, ee = Sees ee 0.4 
At ny Ree SR a ae ee 0.4 
Lae een i 0.4 
NY ES 2 ae eel |e re 0.4 
1 8 | RS ae | ee 0.4 
Tyg, voll =e 6 = ees oes eae 0.6 
LSP Vint Oe we tell, ee Ne i SS ee 
eh (|S 6 ee. See eee 1 
Foal |S, abet Se a aI eae 1.5 
I hay da yoo Cae |S ee ere 0.8 
Sipe eer OA 13 0.5 
CR We et || pie Seam sae ees a 0. 33 
Lhe oe |e See ee ee 0.4 
ee LO eee | ee eee | Snes A ee 0.4 
Pt. lle a ele 5 el eee 0.9 
a Dee ds Soe Swe ed ae ae ee 0). 25 
ee a oe 1 
TROD Vee eee ee ae ae = 1 
SS Scan | i eee ete oh eee = 0.5 
UNISTS? || a eer oe | eee 0.5 
KGS | SSeS Ee eee eS 0.5 
iC eee (SGee 3 ae eS 0.5 
AIP Ts Big jhe Stee ee ee 0.5 
ys OEE EE ae a ae ee aes, 2 0.5 
SMA(6 Ye )oteeieny (Pein, Beene 1 Wire Bee ge eed bape re ee 
Oe re oe ee 1.9 
ere lleeh Suan Ee een fda eee es 1.6 
i He fan, a ee A pS gn 0. 33 
aie: PIRES See ep ee ree 0. 33 
ee eS 2 ee, 0.33 
Oi (= «| ie eel | ee Sara 0. 33 
ity et ea ee 0. 33 
UY Me | cea re 51 6 0.5 
PO ne, || See cee 2 da 8 Opp 0.5 
a d0 Sess | ee See edo 22 = 0.5 
O.1 
1 
0.4 | 
0, 25 
0.4 
0, 25 
0.33 
Se ee eee 3 0.5 
St Sass Ban ae ae 3 0.5 
ae, he Sol BO eS 3 0.5 
pe A ae AC | ern 0. 25 
5 eet ees 0.5 


















































| Ratio of long-term cost , 
thermoplastic/paint 1 
(U) 
Deter- Esti- 
mined mated 
ie Ge eee ed e 
ee pe = fe ey \ 
; 
S96h, (24-2 eee 
218 |2 See 
23!) D2. cee eee 
ail OE A, ee ae 
Re oe ees 2.3, 0.9 
Se eS ae 0.5 
ee es one SP 0.5 
[x EE ee 0.5 
ge a 1 
Bey Ee 1 
Joe NES oe eee 6 
idan Ay oe eG 
18 ee Sans eae, 
ee ee 0.7 
te ae 1 
rat ees <a 
Eh eS SS 1,3 
Tay ie RT ea : 
oe Oe eee ae . 
15.40 ee “J 
1, Ah chee ee < 
ee on] Sn i. 
Re PONE We Rea 
ori en ee <0.5 
Peseta cet 2.5 
Li lee eee 
0:4 eee 
ORF bey eee = 
0:3h oe eee 
0:6" | 235 2a 
Te A (eee nt ete oe 
=~ 5 See 5.5 
LS ae en 5.5 
aE WRIST drat 1 
B05 Oe 1.2 
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Table 2 2:—~Tabulationl 
Test-site data Thermoplastic-striping data a 
ADT 2 Pavement 7 
“Apency.. ede ONE OA OE ee A ae eo aa = Snowplow |Approximate| Date Pavement ; Name of | 
eee Project and location activity mean annual | striped pretreat- Primer used thermo- | 
Total | Per lane | Type? Age 4 snowfall 5 ment 6 plastic 7 s 
4 
(A) (B) (C) (D) (E) (F) (G) (H) (1) (J) (K) (L) @ 
5 
a 
CITIES AN 
Thou- Thou- Month- r 
sands sands Years Inches year ' 
Atlanta, Ga.._-...- General observations, Central |f-.-....--|.--..----- C,B ING Ww, Old se= |Seeeee ae a 1-2 2-64 | None__.._-..| Epoxy ®__--|| Perm —- sama 
Business District.> 9 SLA eee eee CBr eet: Os: cee a Ee ee ce ee 1-2 P=B4el ee Cs (epee es | | ee do: 32-2 lee Ce | 
Baltimore, Md_.-_--|]..-.- GO. sss one coesakek oat bac oe ee a |e ee an ee | ener aaa 19-94 - ies Oe ee eels ee 
Detroit, Mich_----- (See Mich. State Highway De- ~.|--2.. 226.2) secede oes ok et | ee ae Ve eee | 
partment, Chrysler Freeway). 
Los Angeles General observations». 2) eo eeees | aes ener 3-12 | C,B New, old__.-| None_--_.--- 0 2-61 | brm 53_______ Pliobond.___| Perm_.__-- 
County, Calif. 
New: Orleans, as |. 3. -d0't. 2.2 ees Ae ee eee FETC MESR aR Se OR ee a 2 BE ue rae Menara ast Ge es ieee } 
_ 7 eee ae ep gS ar ee ed Oe eran | ce eee ea — 58. heey aa XY oes = | 
New York, N.Y_.-|--.-- do_--.-------------------------|{ 133 4 Rae) Ee Bat Se eer 24-36 ig i as Me Nonecc ene do_.-aal| 
Portland, Oreg__-_- INGE e8rd A Vee See ee | oe eee 4 B ING Wee eee. INOn@s22-e8 2 12 9-65 | None.._.-...| Epoxy-Ply_-_| Cat_----.2 
General observations, city streets - BHLO MS ere a 4 rE | ee ee ee Oo oe eles s elne ee g 
|) General observations, downtown = || 156-40 7) Sass ee | See eet eee een eee OM). 25 2b Sec at ek SS) Se 
San Francisco-_-__- -|; General observations, downtown, 1 roe te | ier eer (Pee UN | Pie ee a ee ee Oo oc soln ee Oe ee eee 
heavy turning. 
Wa IN OSS: A Wesc23. ree eee aoe aes 35 6.) Ae ee ee eee 0 62. (oo a a ee ee 






































1 Under same or equivalent conditions of exposure as thermoplastic. 


2 Average daily traffic during time of stripe exposure. 
§ B=bituminous, C=concrete. 
4 At time of thermoplastic installation. 


5 Obtained from reporting agency and Weather Bureau reco1ds, oi estimated for location 
from Climatic Maps of the United States, U.S. Department of Commerce, Revised 1966 


(fig. 11). 


6 sbl=sandblast, air=air blower, abr=abraded. acid=acid etch, brm=broomed. 
7 Perm= Permaline, Cat= Catatherm, Crys=Crystallex, unkn. ‘=unknown. 
§L=lane line, C=center line, E=edge line, T=transverse and stop lines, R=ramp edge 


line, G=gore or channelizing line. 


9 Contract basis unless otherwise stated. Generally includes material, labor, equipment 


depreciation, profit, ete. 


10 Unless otherwise stated, installed by agency forces and include cost of materials, labor, 


equipment depreciation, ete. 


1 From data on cost per linear foot per year of useful life for thermoplastic and paint. 


! Terminal point reached in test section. 


California Division of Highways required 
that all new concrete be given a light sand- 
blasting and estimated that the cost of this 
practice was about $100 a stripe-mile. The 
Minnesota Highway Department, which had 
considerable recent experience, indicated that 
concrete should be given some sort of light 
grinding to promote better adhesion of the 
thermoplastic. 


Use of primers before thermoplastic appli- 
cation 


Different types of primer pretreatment 
were used by the various agencies for both 
bituminous and concrete surfaces, including 
synthetic-rubber and epoxy iseatnenta’ ; some 
agencies used no primer at all. In many 
instances the agency did not know the type 
of primer used, or even whether any was 
used at all. 

On bituminous surfaces, the most common 
practice was to apply thermoplastic striping 
to unprimed pavement. Some synthetic- 
rubber primers and even some epoxy resins 
were used. The New York Department of 
Transportation reported no difference in the 
performance of thermoplastic on bituminous 
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4-inch width. 


23 Applied by State forces. 


24 Pavement to be resurfaced. 


25 High traffic density. 


26 Adhesive Products Corp. material marketed as ADOPOX. Two parts ADOPOX Rel 
T-243 R-2 plus one part Hardener T-166 H-1. 


27 Contract prices. 


pavements, regardless of whether synthetic- 
rubber or epoxy solutions were used. Accord- 
ing to a report by the Georgia Institute of 
Technology, priming is not an essential pre- 
requisite for bituminous surfaces (4). In 
Summary, the omission of a primer did not 
seem to affect the durability of thermoplastic 
when it was applied over bituminous surfaces. 

On concrete surfaces, the most prevalent 
primer used in recent years has been epoxy 
resin solutions. Synthetic rubber has been 
used to a lesser extent in recent years. In 
only a very few installations was no primer 
used at all on concrete surfaces, and early 
failure was reported for at least one of these. 
The need for adequate priming of concrete 
was stressed by the Arizona Highway Depart- 
ment and in the above-mentioned Georgia 
Tech report (4). It was reported that epoxy 
primers provided greater adhesion than the 
rubber-based primers, as was evident in the 
survey replies from the States of Kentucky, 
New York, Connecticut, and others (5). In a 
few installations—in Minnesota and Puerto 
Rico—epoxies, when compared to rubber- 
based primers, did not significantly improve 
adhesion. Only the State of Nebraska reported 


13 Estimated from still serviceable stripe. 
4 Where useful life of still serviceable thermoplastic has been estimated under column | 
15 For the lower density section averaging 4,000 ADT per lane. 

16 Cost was actually 45¢ per linear foot but estimated to be 35¢ in larger applications. 
17 Last observation made in 1965. 

18 Contract price. Cost if done by State was estimated to be about 1.4¢ per linear foot} 


19 On new portland cement concrete only. 

20 On portland cement concrete only. 

21 Salt and sand used but only light plowing. 

22 State composition specification material supplied by DeSoto Chemical. 
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that rubber-based primers provided bett 
service than epoxy primers. On the who. 
the survey results indicated that epoxy res! 
primers were preferable for concrete 
ments, but that much more improvement } 
needed in the entire technology to asst} 
proper adhesion. 


Application rate of primers : 


The amount of primer used prior to therm; 
plastic striping may be a factor in go! 
bonding, especially on concrete surfaces. T 
most prevalent application rate for rubb- 
based primers was 50 sq. ft. per gallon, } 
several States it was believed that adhesil 
could be improved if the amount of print 
were increased. ; 

For epoxy primers, the approximate apt 
cation rate was about 320-420 sq. ft. Bt 
gallon, which is roughly equivalent to 8( 
1,200 lin. (linear) ft. per gallon for a 4-in 
stripe. This amount of primer provides 
wet film thickness of approximately 4-5 m 
In one State a much lower application 7 
of 4,000 lin. ft. per gallon, or roughly 1? 
wet thickness, gave a poorer bond on ¢¢ 
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Thermoplastic-striping data—Continued 


Installation cost per linear 
foot of stripe 9 


Type of 
stripe 8 


(P) 


(N) (0) 


6-inch 
width 














% Plus additional installation cost. 


| ® Deterioration began in 2 months with blistering and adhesion loss. 


"93-inch width. 


{oil 


$1 §-inch width. 


82 Bed on State’s estimate of thermoplastic: paint cost ratio of 10:1 and performance ratio 


£16:1 
33 41-inch width. 
4 Replaced by warranty in June 1966. 


35 Failed because of movement of bituminous overlay on portland cement concrete. 


86 Occasional brooming but not definite. 
87 Only plowed once in winter of 1966-67. 


88 Preceded by prime of synthetic resin compound. 
{PP Paved shoulder. 
0 Permaseal III H (Cook Paint & Varnish Co.) applied at rate of 4,000 linear feet per gallon. 


|a Removal of obvious dirt only. 


126 to8 gallons per mile of actual stripe. 


43 Contract price. Average cost by State forces is 3.5¢. 





Amount of stripe Average useful life 


(Q) (R) 


First 
year 


Total 
lost 





Actual 2 Esti- 
mated 13 





Percent 

















Materials and installation 
lost cost per linear feet 1° 


Standard paint-striping data ! 





Ratio of long-term cost, 
thermoplastic/paint 1 
(U) 


| 


Average 
useful 
(8) life 


8-inch 
width 


6-inch 


ah 
width oS 


Esti- 
mated 14 





























striping in for demonstration purposes. 


45 Maximum thickness of 6 mils. 


46 50% loss on bituminous section without synthetic rubber primer. Only 1% loss on edge 


line. 
47 5¢ by contract. 
48 50 sq. ft. per gallon. 


49 Excludes State labor for traffic control. 
50 Thermoplastic placed over existing paint. 


51 Includes application of black paint in skip zone. 


52 Unconditional guarantee for 3 years. Believed that this guarantee contributed to ‘higher 


cost. 


8 Permaseal 1 and 2 used in equal proportions on portland cement concrete surface. 
54 Done by city forces with leased equipment. 


portland cement concrete. 
56 12-inches wide. 


55 Hand broom. Grind to remove old paint. Sandblast to remove curing agent on ‘fresh 


57 Paint cost is 2¢, remainder of cost is 8¢. 


4 State advises that this is a very low bid but real. Probably done at or below cost to get 


‘rete than the higher application rate. How 


ver, when the primer was applied to bitu- 
inous surfaces, a high application rate of 
(000 lin. ft. per gallon caused the thermo- 
astic to slide over the primer resulting in 


« Dor adhesion to the pavement. Therefore, 


ie lower rate of 4,000 lin. ft. per 
eferred for asphalt surfaces. 

' One thermoplastic producer held the opin- 
‘n that the proper application rate of epoxy 


gallon was 


» timer to conerete had to be different for 


fferent concrete; that is, 500 lin. ft. per 

on for new, more absorptive concrete, 
id about 1,000 lin. ft. per gallon for older, 
88 absorptive surfaces. From the survey 
‘sults it appeared that the optimum appli- 
tion rate of epoxy primer to concrete is far 
‘ym resolved, and depends on the age, po- 


isity, and texture of the pavement as well as 


i‘ the active solids content of the epoxy 
lution used. To provide good bonding to 
e thermoplastic and yet not be so thick as 
limit the escape of solvents and, thereby, 
terfere with the epoxy-catalyst reaction or 
ntribute to the phenomenon of blistering, 


_ (optimum film thickness of primer apparently 


st remain on the pavement surface after 
Bosorptive effects have taken place. 
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Time interval between primer and thermo- 
plastic application 


On concrete surfaces especially, the time 
interval between the application of epoxy 
binder and the application of thermoplastic 
seemed to be a factor in the adhesion and 
blistering of the marking. This interval differed 
considerably in the few replies that included 
such information. In New York State, for 
example, the practice was to permit the primer 
to dry about 15 minutes before the hot thermo- 
plastic was applied, which allowed sufficient 
time for the solvent in the primer to volatilize. 
Shorter time intervals had a tendency to 
enhance the blistering of the thermoplastic so 
often noted in New York and other States 
when the striping was applied to concrete. A 
developing preference of contractors is the 
application of both the epoxy primer and 
thermoplastic from the same vehicle, and the 
use of an infrared heater to speed drying of the 
primer. Thus the time interval between the 
application of primer and the application of 
thermoplastic is reduced to substantially less 
than a minute. On the basis of subjective 
observations by several agencies, this practice 
may contribute to excessive blistering and poor 
adhesion. One State stipulated a maximum 


time interval of 30 minutes. A few States noted 
that blistering of the thermoplastic seldom 
occurred on bituminous pavements, regardless 
of the primer used or the extent of the subse- 
quent drying period, 


Reflectance and color properties 


Information on the relative reflectance and 
visibility of thermoplastic and paint varied 
considerably. Daylight reflectance of thermo- 
plastic decreased noticeably with age and, 
although still satisfactory, the thermoplastic 
was not as bright as fresh paint. On the other 
hand, several agencies noted that the night 
visibility of thermoplastics was somewhat 
better than paint, especially under wet 
conditions. However, no definite pattern was 
evident from the reports received. 


Effect of pavement surface and underlying 
traffic paint 


According to the survey, the durability of 
thermoplastic striping was much better on 
bituminous surfaces than on concrete surfaces. 
One exception was noted for an installation 
with a bituminous overlay on portland cement 
concrete. The shifting of the overlay by 
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traffic caused premature cracking and failure 
of the thermoplastic striping. 

Several agencies noted that thermoplastic 
performance was much better on older con- 
crete than on new concrete. Some agencies 
recommended against the use of thermo- 
plastics on new concrete, whereas a few resort 
to sandblasting the concrete surface to im- 
prove bonding. Evidently, both the surface 
laitance layer and some curing compounds 
can seriously interfere with good bond to 
new concrete. 

Several agencies noted that poor adhesion 
resulted when old traffic paint was not 
removed prior to the application of thermo- 
plastic striping. From the limited evidence 
available, good practice would dictate the 
prior removal of built-up layers of old paint. 


Special problems with edge lines 


Both the New York and Kentucky high- 
way departments observed that continuous 
edge lines of thermoplastic tend to impound 
rain water and thereby perpetrate skidding 
hazards. They recommend cutting transverse 
channels at order to permit 
drainage of entrapped water. 


intervals in 


Effect of snowplows on thermoplastics 


Reported snowplow damage to thermo- 
plastics was widespread in northern States 
having an appreciable amount of snowfall. 
Several agencies reported that the material is 
not economically feasible in mountainous 
areas. A few agencies reported that snow- 
plow damage could be reduced by feathering 
the leading edge of the skip line; this part of 
the stripe was most affected by plows. Less 
damage was noted where the plows were 
fitted with shoes and raised slightly above 
the pavement surface. 


Terminal point of thermoplastic striping 


A few of the survey replies made available 
the ageney’s criteria for assessing the ter- 
minal point in the useful life of thermo- 
plastic striping. The majority of these replies 
indicated that the agencies consider the 
terminal point to be reached when only about 
40-60 percent of the material is still intact on 
the pavement. It would seem that when 50 
percent or more of the stripe is lost, the 
terminal point of the stripe has been reached 
or exceeded—an assumption that conforms to 
the findings in another survey(2). 


Development of Criteria for Use of 
Thermoplastics 


The information obtained in the survey 
seems to warrant the development of more 
sharply defined criteria than the currently 
available and diffuse criteria shown in table 3. 
Suitable criteria are needed to show when 
thermoplastic markings instead of conven- 
tional paint striping might be used to economic 
advantage. The criteria must be based on the 
original cost and life expectancy of each type 
of striping and also on any other economic 
factors inherent in the use and maintenance, 
such as the traffic delays and safety considera- 
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plastics 
Thermoplasties be 
Agency Nopolicy| not authorized | Criteria for use of thermoplastic in preference to con- 
stated for standard ventional paint A 
use ; 
STATE HIGHWAY DEPARTMENTS 
Alabama=22 2-2 ae eee Se al noe ee ee 
A TIZON GSES Sea eee ee eee Bag, ||MB te hele eB 
Arkansas: © 75.2. 2) 9 ae ee ol ee ee el Where ADT exceeds 6,000, 
California .< 2.2345 E Bosiet pe oe ee 8. A ee Tere ee ee eee Where ADT per lane exceeds 7,500 (urban) cr 5,000 
(rural); not acceptable in heavy snow areas. 
Connecticttac2.0 3. ssh ees eo | ee ee eee Roads with high traffie density. 
Florida... f2 0 ee eee ee eet ee on eae Urban intersections with high traffic density. 
Dilinois.... 62 22-522 See ee Dee eran yee ee oe On high-volume freeways. 
Indiana. .-3.~248. 22? Se ar a ee eee. oat On new bituminous surfaces with more than 6,000 
ADT and with estimated minimum surface life of | | 
4 years, or where excessive paint wear is experienced. 
Not used on portland cement concrete. 
TOW as: a=: 2S esa ae ee oe ee eee xX 
Kansas 5 Sie So 5 eee ee ee x 
Kentucky 2 ie: eco a eee Ki | ee «ee ee 
Mailtie.: 5.2 3.122 eee | ee x 
Maryland «3-2 ance as 3 eee x PAP ee sok ee aes 
Michigan s=!8 2 se: ee eee eee ee eae Tha 
Minnesota. 2= tee ee oe oe eee eee Economically justified on bituminous pavement. 
Mississippi. 2-5 25 ce See ee || ee en eee eo ec Economically justified on high density roads. 
New: Hamnipshire!. 6 223 ee ea eee For stop lines and parking areas. 
Niéw Jersey SecteS eee ea a peerenen x 
New. Mexico = 8.3.4 ee x 
New. Y 0tk3-22 = oe DEN ee SE eee 5 
Ohi9-2 ce eee Seer eee BO ih wieeeiien eae 
Oklshoman ee eee Xa | eee eee 
Oregon:.2 fe ees oe Te 2a Ar a ol ee eee Either: 
(a) 4-lane highways with ADT of more than 
20,000 and 2-lane highways with ADT of more 
than 12,000, requiring painting 3 times yearly. | 
Sandblast to remove old paint. Not in moun- 
tainous area. 
(b) Restricted or hazardous to paint area. 
Rhode Island [seo - ee ee a oe | eee High speed expressways. 
pouthiCarolindsere. . 5 eaeeeeee | Rees x 
Texas. 2 te eee ee ea Bee x 
Wisconsin. €-25 ue 05a seo eee || ee | ee Bituminous surfaces. 
Wyoming 2 Scot eet een | ee ee Under consideration. 
District/of Colambise =). — nee | Nees ee eee eee Crosswalks. 
Puerto: Rico 22. to a ee ee eee High-traffic-density bituminous roads. 
TOLL ROAD AUTHORITIES 
Illinois Toll Highway Commis- B.S ee ee eee by 
sion. 
New York Thruway Authority_.- XCF Sit cee woe awe 
PorviohaNew oy Of ATibhority: ssc a eee ene eae All transverse lines and longitudinal lines where ec- 
F onomically justified. 
Triboroughi Bids TecA usnori ty see ee nee ee Material is justified even at higher cost. 











CITIES AND COUNTIES 





Atlanta Gee ee eee 
Baltinore, Mss sass eee 
Los Angeles County, Calif._______ 
NewsOrTleans! Lat sce eese 
New York, N.Y 
Portland, -Oregss2252 seas ee eee x 
San Francisco, Calif_..._......-..- x 


tions in highly congested areas caused by 
frequent maintenance striping with conven- 
tional paint. Each of these contributing param- 
eters is analyzed separately in the following 
paragraphs and are subsequently integrated 
to provide new, sharply defined criteria. To 
simplify the development of this information, 
lane and center lines of 4-inch width, as they 
apply to divided highways of the Interstate 
type, are considered primarily. As will be 
shown later, the integrated criteria also will 
be applicable to other roadways. 


Cost and life expectancy of conventional 
paint striping 


As discussed earlier, calculations from the 
survey data showed that the average cost of a 
4-inch-wide longitudinal stripe of conventional 
paint is 2.2 cents per lin. ft. of actual stripe. 
This cost includes all the obvious and inherent 
costs of striping—materials, labor, other ex- 
pendable supplies, equipment depreciation, 


For crosswalks. 
Lane lines in high-traffie-density areas. 
New or recently resurfaced roads. 
High-traffic-density areas. 

0. 





Cede i ee ee 


yf 
} 


ete.—and is based on installations and mail 
tenance striping performed by the road agent 
itself. It is generally applicable to open hig 
way striping rather than to the cine 
congested city streets. | 
The life expectancy of conventional lon; 
tudinal paint stripes was determined to } 
directly related to the amount of traffic e 
posure, as is evident in figures 2 and 3, | 
which the reported paint life is plotted again 
the average daily traffic (ADT) per lane. 
data reported for bituminous pavements 
shown in figure 2, and that for portla 
cement concrete pavements are shown 
figure 3. Numerical entries at some of the da 
points represent mean annual snowfall, 
inches, and are shown only where snowl 
was significant and considerable snows 
activity expected. There was no signifies 
. 1. 
correlation between the effect of snowp! ‘ 
operations measured by annual inches — 
snowfall, and paint life. In figures 2 and 3 t 
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directional arrows pointed upward and those 
‘pointed downwards respectively represent 
“data points reported to have the indicated 
minimum and maximum life expectancy. A 
line that best represented the average of all 
results plotted was drawn on each of the 
‘figures. There is very little difference in the 
locations of these lines on the two figures. 
‘Consequently, an average of the two lines is 
show in figure 4 to represent both conerete and 
bituminous pavements. 

As previously mentioned, figures 2, 3, and 
4 represent the situation for center and lane 
lines only. The bulk of the information re- 
_ ceived in the survey dealt with these longi- 
' tudinal lines. Data obtained on other line 

‘types was insufficient to develop adequate 

relationships. Moreover, in the few instal- 
, lations for which such data was supplied, it 
_ appeared that edge lines lasted about one and 
_ one-half times as long, and transverse stripes 
about one-half as long as center or lane lines 
under similar road exposure conditions. This 
_ difference was to be expected, considering the 
Biifference in actual traffic exposure of such 
ines on a given highway or city street. 
i)’ From the data in figure 4 and from the 
j@ Paleulated average cost of conventional 
ane! striping, 2.2 cents per lin. ft. of 4-inch-width 
striping, it was possible to calculate the 
Werage cost of a 1-foot length of a 4-inch 
vide paint stripe for a full year of useful 
ervice. The calculation was done for various 
raffie density levels, and the results are 
, hown in the first three lines of table 4. As is 
08 ‘vident in entry A, the annual cost of main- 
‘ai aining a paint stripe varies considerably with 
a jraffic density and can be very sizable in 
wt lighly congested areas. 
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AVERAGE DAILY TRAFFIC PER VEHICLE LANE 


Figure 2.—Useful life of paint striping as affected by traffic 
density—bituminous pavement. 
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AVERAGE DAILY TRAFFIC PER VEHICLE LANE 
Figure 3.—Useful life of paint striping as affected by traffic- 


density—concrete pavement. 
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Figure 4.—Average useful life of paint striping as affected by traffic density—both bi- 
tuminous and concrete pavement. 


Effective costs of traffic delay during 
conventional maintenance striping 


A significant factor in favor of long-lasting 
hot thermoplastic striping is that the frequency 
re- 


of maintenance striping is considerably 


duced. Thus, the thermoplastic yields poten- 
tial economic benefits of reduced 
traffic delay caused by striping operations. As 
part of this study, an attempt was made to 
the 


in terms 


evaluate this factor and to determine 


145 


Table 4.—Annual cost of conventional paint striping ! 


[Costs given separately and collectively for basic installation, traffic delay, and potential accidents} 


Ts Rare a RN Oe 











Average daily traffic (ADT) per lane—No. of vehicles 
1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 
WUsetol paint: life:42. 4 = years_.| 1.32 1. 02 0. 87 0.75 0. 67 0. 60 0. 55 0. 50 0. 45 
Annual striping frequency °_______________- .76 98 ue 1.33 1. 47 1. 67 1,82 2.00 2, 22 
Annual basic paint striping cost, per linear 
ftesper year (A)S5s £ es es ae cents_.| 1.67 2.16 2. 53 2.93 3. 28 3. 67 4.00 4, 40 4.88 
Annual costs of paint striping on 4lane 
divided ge pa ; - 
Cost of traffic delay, per linear ft. per 
year (B) §-_--___. : 4 SA sae pee ke 02 05 walt .16 23 el . 39 49 .61 
Cost of potential traffic accidents, per 
linear ft. per year (C) §____-__- var e . 00 O01 OL . 02 . 03 . 04 . 05 . 06 . 08 
Total annual cost, per linear ft. 
per year (A)+(B)+(C)---_- cents__| 1.69 2522 2. 65 3.11 3. 54 4, 02 4.44 4,95 5. 57 
Annual costs of paint striping on 6-lane 
divided oe ; : 
Cost of traffic delay, per linear ft. per 
year (D) PRE ae wie sO . 03 .07 .16 25 . 34 . 46 . 59 .74 . 92 
Cost of potential accidents, per linear 
ite per-year (i) os. Se cents __ . 00 01 . 02 . 03 . 04 . 06 . 08 .10 .12 
Total annual cost, per linear ft. 
per year (A)+(D)+(E)-_.._cents__] 1.70 2. 24 Pa AN 3. 21 3. 66 4.19 4. 67 5, 24 5, 92 





' Applicable to longitudinal striping of 4-inch wide center and lane lines, excluding edge 


lines, on open highways as typified by Interstate roads. 
2 Interpolated from figure 4. 
® Calculated from data on useful paint life. 


degree to which it contributes to the overall 
cost of conventional striping. Some of the 
reasoning presented in an unpublished report ® 
was used for this purpose. 

It was assumed that for each mile of con- 
ventional maintenance striping on an Inter- 
state highway, about 1 hour is required for 
striping, drying, and the removal of the traffic 
cones used to protect the fresh paint. It was 
also estimated that, during this time, all 
passing vehicles on a one-directional roadway 
would experience a speed reduction of ap- 
proximately 20 m.p.h. Assuming a speed de- 
crease from 55 m.p.h. to 35 m.p.h., a delay of 
0.6 minutes would be imposed on each passing 
vehicle for each mile of striping. If this delay 
time is calculated in terms of linear foot of 
actual stripe, then the delay time becomes: 





rt linear foot 





5280 — 
of stripe. 


Most conventional striping is done during 
off-peak daylight hours. Under such condi- 
tions, one-directional traffic on urban sections 
of an Interstate highway has been shown to 
be 2.6 percent per hour of the total ADT (9). 
Thus, the total delay, in hours, for all vehicles 
affected by one linear foot of conventional 
on-going maintenance striping becomes: 


.000114 x 026 ADT 
60 
= 4.94 10+ ADT (in hours) 





Based on $1.55, the total hourly time cost 
of all the occupants in a single vehicle (10), 
the total cost of such a single delay in cents 
per linear foot of striping becomes: 


§ Study of Warranting Conditions for Use of Thermoplastic 
Tane Markings, Bureau of Traflic, Ohio Department of 
Highways, 1967. (Unpublished.) 
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text). 


6 Calculated from: Total ADT X 10-* X annual striping frequency (equation 2 in text). 


4.94 10-- ADT X 155 
=7.65X 10° ADT (in cents 
per lin. ft. of striping). 


The annual delay cost, given by the follow- 
ing expression, would depend on the frequency 
of restriping: 


7.65 10-° ADT X annual striping frequency 
(in ¢/lin. ft./year) (1) 


Using the above expression, equation (1), 
the additional annual costs of stripe main- 
tenance attributable to traffic delays were cal- 
culated for both 4-lane and 6-lane divided 
highways. The results are shown in table 4 as 
entries B and D. 


Effective costs of increased accident poten- 
tial during conventional striping 


Traffic-safety-benefits are an often cited 
intangible advantage of the more durable hot- 
melt thermoplastic striping. Such benefits 
could accrue by virtue of reduced striping 
frequency, thereby decreasing the accident 
potential that might otherwise exist because 
of frequent maintenance striping and_ its 
potentially hazardous effect on traffic. 

An effort was made to derive some quantita- 
tive economic measure of this potential 
hazard and apply it to the overall cost of 
conventional striping. Consultation with sev- 
eral prominent traffic accident researchers, as 
well as a formal search of the available litera- 
ture through the Highway Research Board’s 
Information Service, failed to disclose any 
definitive literature relating to the increased 
accident potential that exists during a road 
maintenance or striping operation. However, 
several reports were available that did permit 
an empirical derivation to be made of the in- 
creased accident potential. This derivation 
and other considerations in the development 
of an economic measure of accident potential 
are discussed in the following paragraphs. 


ay SET Oe ee, ee 











Basic materials, labor, and installation costs calculated from: annual striping frequency 
2.2¢ (average cost per linear foot of 4-inch stripe per installation, as explained in text). 
5 Calculated from: 7.65 X 10-§ X total ADT X annual striping frequency (equation | 
























































10,000 | 11,000 | 12,000 | 13,000 | 14,000 | 15,000 | 16,000 | 

0. 42 0. 38 0. 36 0. 35 0. 33 0, 32 0. 31 
2. 38 2. 63 2.78 2. 86 3. 03 3.12 3, 22 
5. 24 5.79 6.12 6. 29 6. 67 6. 86 7. 08 

73 89 1.02 1.14 1.30 1, 43 1.58 

-10 .12 13 15 hd) -19 -21 
6. 07 6. 80 7, 27 7.58 8.14 8. 48 8. 87 
1.10 1.33 1. 54 1.71 1. 96 2.16 2.39 

14 wily 20 22 25 . 28 31 
6. 48 7. 29 7. 86 8. 22 8.88 9, 30 9. 76 








It has been established that the speed vari 
ance of individual vehicles from the meal 
speed of traffic contributes to accident in 
volvement on Interstate highways, as well a 
on other main rural roads (11, 12). During 
conventional paint striping operation, it i 
customary to require a speed reduction on th. 
highway, which is usually accomplished b 
warning and speed-reduction signs placed i 
advance of the actual work. Regardless of th 
advance distance or number of signs; th } 
starting point of deceleration, deceleratio 4° 
rate, and actual extent of vehicle speed redu, 9" 
tion depends largely on the individual driver 
Although no measurements are known to exit 
for such a situation, general experience ind 
cates that a greater-than-normal variation | 
speed among vehicles does prevail under suc 
circumstances. A brief empirical analysis w: 
made to determine what effect this increase 
speed variance might have on the accidily 
involvement potential. Data from a publishe 
report (11) were used for this purpose. j 

Results of an earlier study (9) indicate th 
the standard deviation of speed on betwee) 
interchange mainline units of Interstate hig. 
ways is 7 m.p.h. In the vicinity of a stripiy 
operation, it was assumed that the standa’ 
deviation of speed would be somewhat hight 
perhaps from 10 to 15 m.p.h. Using the spe. 
data in table 1 of Interim Report II (11), t 
involvement rate relating to accidents w 
computed for these situations. 

From these computations it was found tb) 
the theoretical increase in accident involv; 
ment rate over that for normal traffie oper 
tion with a standard deviation of 7 m.p.h.} 
3.5 if the standard deviation is assumed } 
be 10 m.p.h., and 22.8 if the standard dev; 
tion is assumed to be 15 m.p.h. Thus, in t? 
vicinity of a pavement-marking operatic, 
the involvement rate may increase from ¢ 
to 22.8 times the involvement rate durié 
normal traffic operations. From this range, 
value of 10 times the normal involveme es 
rate was arbitrarily selected as an approxi! Mi 
tion of the potential increase in involveme , th 

-_ 
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As frnost striping operations occur during 
| fi t-peak daylight hours, the normal accident 
jinvolvement rate was calculated for this 
|period. From table 1, Interim Report II 
(11), the average or normal involvement rate 
during daylight off-peak hours was calculated 
to be 54.4 per 100 million vehicle miles 
| (MVM) # on an Interstate highway. This rate 
jis applicable only to accidents involving two 
‘or more vehicles traveling in the same direc- 
‘tion and does not inelude single vehicle 
run-off-the-road type accidents. However, 
from a previous Interstate study, it was 
established that about one-third of all acci- 
dents involved two or more ears traveling in 
the same direction, and that the remainder 
‘involved only a single vehicle (13). Thus, if 
54.4 is the involvement rate for accidents 
with two or more vehicles, single vehicle 
accidents excluded, then 54.4 (or less) is the 
‘additional involvement rate attributable to 
single car accidents. This additional rate 
gives a total normal accident involvement 
rate of no more than 108.8, which should 
account for all one-directional traffic during 
» off-peak daylight hours on Interstate roads. 
r ‘From previous considerations, the theoretical 
jinvolvement rate attributed to a striping 
|) operation should be about 10 times this 
»| value—10 108.8 or 1,088. The net differ- 
fence in involvement rate between normal 
dperations and traffic striping operations 
' accordingly is 1,088—108.8, or roughly 979— 
say a round figure of 1,000. Thus, an involve- 
ment rate of 1,000 can be used as an expres- 
._ sion of the additional potential hazards owing 
40 conventional paint striping on an Interstate 
ughway. From data in an Illinois report (14), 
‘he average cost of a single involvement was 
valeulated to be about $200. Hence, the dollar 
_sost per 100 MVM for an accident involve- 
;y ment rate of 1,000 is: 

























1,000 (per 100 MVM) X $200 


If it is assumed that the hazardous area is 
mile of directional roadway just preceding, 
i: ongside, and following the striping opera- 
ion, and that this length of roadway will be 
_ hindrance to traffic for 1 hour, as previously 
liseussed under traffic delays, the traffic 
. lensity as well as the number of vehicle-miles 
1 this hazardous area are given by the 
ollowing single expression: 





J26X ADT (during off-peak daylight hours) 


The potential accident cost, in dollars per 
i‘ ie of stripe during a single striping opera- 
ion is obtained by combining the two preced- 
il hg expressions, and is given by X in the 
it’ quation: 


l 


X _ 1,000 $200 
026K ADT 100 MVM 





ADT=average daily traffic 
MV M=nillion vehicle miles 


si" \'Involvement rate is the number of involvements per 
al ' (0 millicn vehicle-miles, and implies a vehicle invclved in 
accident. Thus, one accident involving two vehicles is 
ad as two involvements. 


IC ROADS ® Vol. 35, No. 6 


yh 1,000 $200 x .026 x ADT 
100 MVM 





Potential accident costs, expressed in cents 
per linear foot of conventional striping during 
an entire year, then become: 


Accident cost (¢/lin. ft./yr.) 
1,000 20,000¢ x .026x ADT yearly 
striping frequency 
100 MVM 5,280 lin. ft. 


I 





or: 


10° 2X 10! 2.6 10-2 ADT yearly 
a striping frequency 
10? X 10° 5.28 103 





or approximately expressed as: 


Accident cost (¢/lin. 
yearly striping frequency 


ite ye) =e exams 
(2) 


Using equation (2), the potential accident 
cost for conventional striping was calculated 
for various ADT’s and is shown in table 4, 
entries C and E. From a comparison of these 


values with those in entries B and D, it is 


readily apparent that the additional cost of 
standard paint striping attributable to 
potential accidents is negligible, compared to 
the other economic factors, despite the fact 
that the empirically derived value for the 
increase in potential involvement rate over 


normal operations—10 times 108.8—is a 
rather liberal allowance, according to the 


subjective estimates of several accident re- 
searchers who were consulted. 

Summation costs for all contributing eco- 
nomic factors were calculated and are shown 
as entries A+B+C and A+D+E of table 
4. The cost analysis presented in the table 
will be used in a subsequent section to de- 
velop information on the comparative cost 
effectiveness of hot-extruded thermoplastic 
striping. 

One additional factor, 
use of longer-lasting the 
reduced exposure of forces to 
traffic hazards during restriping operations. 
It was not possible to obtain quantitative 
data or develop empirical considerations that 
could be used to translate the 


advantageous to the 
thermoplastics, is 
maintenance 


advantage into 
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Figure 5.—Relation between thermoplastic durability and traffic density—bituminous 
pavement. 
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Figure 6.—Relation between thermoplastic durability and traffic density—concrete 
pavement. 
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Figure 7.—Relation between 


potential economic value with quantitative 
dimensions. Therefore, the economic con- 
siderations must remain a subjective factor at 
this time. It should be remembered however, 
that although thermoplastic striping is re- 
quired less frequently, this advantage is some- 
what offset by the fact that it is a much slower 
operation than conventional striping, and 
exposes the striping crew to traffic hazards 
for a period two to three times as long as that 
required for paint striping during any single 
striping operation. 


Cost and life expectancy of hot-melt ther- 
moplastic striping 

As stated earlier the average cost of thermo- 
plastic striping reported in this survey was 
32.7 cents per linear foot of 4-inch stripe. In 
general, this cost is for installations per- 
formed on a contract basis, the most prom- 
inent method of installation. 

No correlation could be found between 
theromoplastic life expectancy and _ traffic 
density, as was evident in conventional 
striping. This lack of correlation is shown in 
figures 5 and 6 for bituminous and concrete 
surfaces, respectively. Theoretically, some 
relation would be expected, but so many other 
variables affected performance that such a 
relation was obscured. Interfering variables 
that possibly affected durability of the thermo- 
plastic were snowplow operations, pavement 
pretreatment, primer type and application 
rate, and Seecinene age. Of these, the only 
single parameter that showed some _ inde- 
pendent correlation with thermoplastic dura- 
bility was the intensity of snowplow operations 
as measured by mean annual snowfall. Plots 
of annual snowfall data against the reported 
useful life of thermoplastics are shown sep- 
arately for bituminous and concrete pave- 
ments in figures 7 and 8. These relations are 
more clearly evident in figure 9 in which 


individual data for each snowfall grouping 
Was averaged, and the average plotted. 
Numerical entries within each box (bitu- 
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thermoplastic 
annual snowfall—bituminous pavement. 
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Figure 9.—Relation between average thermoplastic life and annual snowfall. 


minous pavement) or triangle (concrete 
pavement) indieate the number of individual 
data points that were averaged to obtain the 
plotted result, and the curves were carefully 
weighted to reflect these values. It is apparent 
from figure 9 that a correlation does exist 
between thermoplastic durability and mean 
annual snowfall for each type of pavement. 
It is also evident that thermoplastics are much 
more durable on bituminous pavements than 
on concrete. On both types of pavements, 


MEAN ANNUAL SNOWFALL, INCHES 


Figure 8.—Relation between thermoplastic durability at 
annual snowfall—concrete pavement. 
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durability was decreased in high-snow 
These results agree completely 1 
the individual observations reported by m 
of the highway agencies. 

The curves in figure 9 apply mainly to ce 
and lane lines. Where additional data ¥ 
available, it seemed to indicate that edge] 
lasted about one and one-half times as © 
as the indicated durabilities and transy 
lines about one-half as long. 


areas. 
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Guide for selecting the most economical 
material 


‘On the basis of the data already presented, 
it was possible to develop criteria for selecting 
the most economical striping material—either 
paint or hot-extruded thermoplastic. 

Data on the annual unit cost of paint strip- 
jing, as it was affected by traffic density is 
- provided by table 4. Cost data are given for 


economic factors caused by frequent mainte- 
_ nance striping—traffic delay and traffic safety. 
|The objective was to determine those condi- 
tions under which thermoplastic striping had 
_ costs comparable to conventional striping, 
jas well as lower and higher costs. The average 
"life of thermoplastic striping was interpolated 
‘rom figure 9 for each pavement type at the 
% midpoint of each incremental snowfall group- 
‘ng. From these interpolated values and the 
average cost of the thermoplastic installation, 
"'32.7 cents per linear foot, the unit costs per 
year of service were calculated for each 
obavement type and degree of, snowfall. These 
sosts were matched against interpolated costs 
or paint for the various traffic densities 
‘table 4). It was then possible to establish 
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equal cost matches for paint and thermo- 
plastics, and the exact conditions under which 
they were operative—ADT, snowfall, and 
pavement type. 

As a result of this calculation, a new chart, 
shown in figure 10, was constructed to show 
the conditions under which the long-term cost 
of painting and thermoplastic striping were 
equivalent. Points along curves C and F of the 
figure represent conditions conducive to 
equal costs of the two materials when the 
actual installation costs are considered alone 
and the economic effects of traffic delays and 
potential accident hazards are disregarded. 
Curves A and D are lines of equivalent costs 
for 6-lane divided highways, and curves B and 
E are for 4-lane divided highway. Any com- 
bination of snowfall and traffic density condi- 
tions that falls to the left of an appropriately 
selected demarcation curve would be an 
indication that paint is more economical than 
thermoplastics. The opposite is true for a 
combination of conditions that are to the 
right of the selected curve. The lower portion 
of the three curves for bituminous pavement— 
A, B, and C—have dashed vertical segments 
which are cut-off points that were determined 


as described in the following paragraph. 
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A number of road agencies reported that 
after the thermoplastic stripe had been used 
for some period, the bituminous surface re- 
quired overall maintenance, necessitating the 
thermoplastic striping, which was still service- 


able, to be covered over by a bituminous top- 


ping. The value of any long-lived stripe is 
governed by the maintenance-free life of the 
bituminous pavement. The following com- 


ments of the various agencies were selected as 
illustrative of the expected maintenance-free 
life of bituminous pavements. 

Alabama—‘Bituminous pavement required 
resurfacing after 8 years.” 

Arizona—‘‘ Use thermoplastics with caution 
on bituminous pavements 
limited maintenance-free life 
of such surface.” 

Kentucky—“‘Estimate maintenance-free life 
expectancy of bituminous pavements not 
to exceed 8 to 10 years.” 

Oklahoma—‘‘4 to 
surface resurfaced 
the obliteration of the 
marking.” 

Los Angeles County—“With road mainte- 
nance and utility work, the useful life of 
the pavement surface is not much more 


because of 
expectancy 


5-year-old bituminous 


was resulting in 


thermoplastic 
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Figure 10.—Guide for selecting the most economical striping material, paint or thermoplastic. 
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Figure 11.—Mean annual snowfall, in inches, in the United States (prepared by the Department of Commerce, Revised 1966). | 


than 4 years, and thermoplastics are 

therefore limited to this.” 
Public Roads’ specialists were also consulted 
on the durability of bituminous pavement 
surfaces. According to the information ob- 
tained from all sources, the best approximation 
of the average maintenance-free life of a 
bituminous surface was about 8 years. There- 
fore, this period was established as the nominal 
maximum useful life of thermoplastic striping 
on bituminous pavement and was the basis 
used to calculate the lowest possible annual 
unit cost applicable to thermoplastic striping, 
thus establishing the limiting value shown by 
the dashed vertical segments of figure 10. 


Applicability and use of guide chart 


Figure 10 can be used as a guide to deter- 
mine whether conventional paint or hot-melt 
thermoplastic is the most economical striping 
for a given location. This chart is based 
mainly on data obtained on 4-inch-wide 
longitudinal lane and center lines on open 
highways and is essentially applicable to 
installations in which such lines are used. 
However, these criteria should be applicable 
to other stripe widths, provided that the 
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ratio of installation costs for paint and ther- 
moplastic remain the same as found in this 
survey. The criteria should also be applicable 
to edge markings, provided that the ratio of 
useful paint life to thermoplastic life is 
similar to that for lane or center striping. 

To use the criteria for a given location, 
the following information is required to judge 
the relative economics of the two striping 
materials: 

e Estimated or actual ADT per vehicle 
lane. 

e Type of pavement surface—concrete or 
bituminous, and number of vehicle lanes. 

¢ Mean annual snowfall in inches. 


Mean annual snowfall can be obtained from 
local Weather Bureau officials, or from the 
snowfall contour lines shown on the Climatic 
Maps of the U.S., published by the U.S. 
Department of Commerce, Environmental 
Science Services Administration, Environ- 
mental Data Service. A reproduction of such 
a map is shown in figure 11. 

Using the above information and the guide 
chart, figure 10, plot the appropriate values 
for mean annual snowfall (in inches) against 
the ADT per vehicle lane. Select a demareation 


line to denote both pavement type Ei 
whether installation costs only or the ad 
tional economic factors of traffic delay a! 


| 


safety considerations are to be consider) 
Curves C and F are used to compare 01) 


direct tangible costs—installation and ma‘ 
tenance. Curves A, B, D, and E are used? 
compare overall costs that include traffic del 
and potential accident costs. Curves A an¢3 
apply to bituminous surfaces—-curve A | 
6-lane, curve B for 4-lane roads. Curves D af 
E apply to concrete surfaces—curve D 
6-lane, curve E for 4-lane roads. Data poi! 
falling to the right of a selected demarcat! 
line indicate that thermoplastics are mi! 
economical than paint for the conditions to} 
encountered. Points falling to the left indi¢) 
that paint is more economical than ther?) 
plastics. When thermoplastics are selected 
use under these criteria, their applicat 
should be considered carefully. The insta 
tion of thermoplastic on new concrete with 
precleaning or sandblasting the concrete } 
face is a risky operation. For older bitumin 
pavements, the remaining years of mai 
nance-free service expected of the paver 
surface should be determined and this pe 
balanced against expected stripe life. | 
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The guide chart is applicable when the ratio 
total installed cost of thermoplastic to paint 


iduring restriping operations. This is a subjec- 
tive factor to be weighted in favor of thermo- 


Comparison of Developed Criteria 
With Other Available Guides 


_ The proposed criteria for the selection of 
she most economical striping material, devel- 
»ped in the study reported here and illustrated 
n figure 10, were compared with the limited 
suides suggested by several agencies in their 
response to the survey. (See table 3.) The 
iwencies’ guides, essentially, are qualitative 
tuides that limit the use of hot-melt thermo- 
jlastics to high density roads and/or bitu- 
vninous surfaces. For such installations, the 

yroposed quantitative criteria are compatible 
vith these qualitative restrictions. The guides 
\ffered by the Arkansas and Indiana highway 
‘lepartments are much more liberal than those 
jleveloped here. They permit the use of 
* \hermoplastics, at least on asphalt pavements, 


| 
: 
; 


ninimum limit of 6,000 ADT per vehicle lane 
8 suggested by the proposed criteria. The 
® riteria of California and Oregon are more in 
_ ine with the proposed criteria. In these States, 
he minimum ADT per vehicle lane conducive 
i or the best economic use of thermoplastics is 
| |pproximately 5,000 to 6,000. 

| An important feature of the proposed set of 
-uides is that it provides for continuous 





_lypical Specifications and Warranties 
for Thermoplastic Materials 


Incidental to the primary information de- 
eloped from the survey, some data were 
_ btained on typical specifications and warran- 
es used for hot-melt thermoplastics. This 
, (formation, summarized in tables 5 through 
_ is incomplete and is not representative of 
1 practices, but it does provide an adequate 
umpling of what is generally available and 
1 use. 

A summary of typical specifications for 
nthetic rubber primers used in conjunction 
ith hot-extruded thermoplastics is given in 
ble 5. These primers had been used largely 
7 rT portland cement concrete surfaces but 
_ rently are being gradually replaced by 
poxy primers. According to the data in the 
ble, the critical components are either a 
.. ixture of neoprene and butadiene-styrene 
, (bber or of nitrile rubber (Buna N) and 
enolic resin. These materials usually are 
plied and used in solution form containing 
out 10 to 20 percent solids by weight. 
Information on typical specifications for 
. -part epoxy primers, which have begun to 
place the synthetic rubber primers, is listed 
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in table 6. Generally, each of the two compo- 
nents is used in solution form containing about 
50 percent reactive solids. 

A tabulation of typical specifications for 
hot-extruded thermoplastic striping material 
is presented in table 7. The material, referred 


to as Crystallex, is apparently designed to 
meet British Standards, as is evident from the 
tabulation. The material, which is specified by 
the California Highway Department, is a 
specialized formulation that is somewhat 
different from the other materials listed. The 


Table 5.—Typical specifications for synthetic rubber primer for thermoplastics 


Agency or company 


Goodyear Tire & 
Rubber Co. 





Specification 


Specification date 


Name of material 


Composition (solids basis): 
Neoprene percent__ 


Butadiene-styrene (SB R)_-do___- 


Technical Book 
Facts PB-6. 


Received May 
1968. 
Pliobond 20 ! 


Calif. State 
Highway Dept. 


Primer for traffic 
paints and 
thermoplastic 
traffic paints.? 


N.Y. State 
Highway Dept. 


Conn. State 


Highway Dept. 





White thermo- 
plastic, Item 
401. 


Apr. 18, 1968 


Primer for bitu- 


| Special Provi- 


Aid Projects 
I-91-2(35)31 
and I-91- 
3(53)36. 

| July 15, 1963. 





minous concrete | 


pavement, 


Required (or 
SBR). 

Required (or 
Neoprene). 


Required (or 

SBR). 
Required (or 

Neoprene). 


sions, Federal- 


Buna N rubber 
Phenolic resin 
Synthetic rubber 
Synthetie resin dows 
Conform to standard infrared 
spectrum. 
Solids percent __ 
Weight per gallon pounds_- 
Solvents (based on total solvent): 
oe ey 
One 


Required ! 
Required ! 





1JIn qualitative infrared analysis by Public Roads lab- 
oratory, it was shown that this material is a Buna N-phenolic 
resin mixture similar to the standard spectrum in California 
State specification 63-F-40. 

2 Intended _for use on new portland cement concrete sur- 











10 3, 


Volatile, organic._| Volatile, organic. 


Less than 5 (6 mil | 
film at 70° F. | 
and 60% 
RE Ale 





faces prior to application of traffic paint and on pertland 
cement concrete and asphaltic concrete surfaces prior to 
application of thermoplastic traffic marking material. 

3 Minimum. 

4 R.H.= Relative humidity. 


Table 6.—Typical specifications for 2-part epoxy primer for thermoplastics 


Adhesive 


Agency or company 
Products Corp. 


N.Y. State Perma-Line Co. 


Highway Dept. 


Cataphote 
Corp. 





Specification 


Specification date Septey, 1967s-c2-se 


GOD OSes eee ns 
T-243 R-2 Adopox - 


Name of material 

Epoxy component (A) 
Reactive solids 
Weight per gallon 
Epoxide equivalent 

basis) 
Solvent(s) 
Viscosity, No. 2 Zahn, 77° F 
seconds____ 

Appearance and color 


(solids 
185-200 
Aliphaties<-5 23>. - 


Catalyst component (B) T-166H-1 Adopox 
Hardener. 
Type é . 
Reactive solids- - ----- percent 
Weight per gallon pounds_- 
Solvent(s) 
Viscosity, No. 2 Zahn, 77° F 
seconds __-- 
Appearance 


Mixture of (A) and (B): 
Mix ratio (A:B), by volume---- 
Pot life (closed container at 
3-4 days 


Dry time, to tacky---minutes__| 15 (5-7 mils wet 
at 40-110° F). 
Color of dried film 
Reactive solids content. — 
pet. by weight_- 





1 Primer for portland cement concrete. — 

2 For application prior to thermoplastic, apply between 
40-110° F. at 5-7 mils wet. Apply marking material after 
it is tacky, or approximately 30 minutes under normal condi- 








| Concrete Sealer- 
Binder DX- 
1037. 

| Nov. 22, 1967_.--.-| Received May 

| 17, 1968. 

| Perma-Seal III.3 

| Bisphenol. 
§2. 


8.35+1. 


White thermo- 
plastic, Item 
401. 

Apr. 18, 1968 


| Aromatic. 


14=1. 
Clear, straw 
yellow. 


Aromatic amine. 
| 26. 

7.47+0.1. 

Aromatic. 


sl 1401, 
| Clear, red- 
brown. 


Dele 


2-4 hours. 


| 39-41 (A+B, 1:1 


50 (A+B, 1:1 
vol.). 


vol.).4 





tions, 70° F. and 40% R.H. 

3 Apply at 50-100° F. Sandblast portland cement concrete 
where required. 

4 Minimum. 
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Table 7.—Typical specifications for hot-applied thermoplastic material see. Oo ee 
Constructex British California Florida Connecticut 
Apenicy OF COMPANY so-ese ee a- sana on eas eens Perma-Line | Cataphote Overseas Standard State High- | State High- | State High- | New York State Depart- qT 
; Co. Corp. Ltd. (B.8.) way Depart- | way Depart- | way Depart-| ment of Transportation — 
ment ment ment : j 
i i = a-Line_| Catatherm__| Crystallex! | B.S. 3262 White Special pro- | Special pro- | White White 
Se UE a he ogee ce a Ste at oe s Part 1,’ thermo- visionsto | visions for | — thermo- thermo- 
1960. plastic 1966 highway plastic. plastic. 
IR 3653, standard I-91. 
specifica- 
tions, 
pests May 1964 Apr. 18 Mar. 25 
i LOMO ALE 2 tos aa ee ee ee er ..| Revised Received Receryved.= eo. beon an ee January ov. 21, ay pr. 18, araeoy 
ee rcs Mar. 7, Aug.29, | May 17, 1964. 1966. 1968. 1966.’ | 
1968 (long 1967. 1963. ‘ 
form). BS | 
eee 
Ei 
LABORATORY PROPERTIES i 
A Nae HE ae 
igment, for white thermoplastic Ae Ae 
< , perc by weight__| 6-10 (of 10snint- "ee ane seoeeees 6-10 mini- 13s0i2 2 S555, ce ee 10 mini- 10 mini- 10-15.2 
pigment).?| mum (of mum.? mum (of mum.? 
pigment) .2 pigment).? 
Render Pig miele b= ae oee ee eee C03 332 es ee sl ee eee 10-143 ee 416 #2 4o32 2-82 Set Jaeens | ae 
Aeoregates: 6. sb. Si eee Se CO eset’) oe eee Ope oe BR=425 ort te eS | eee ee ae oe ee ee 2 
Beads:(premixed)Sees--os.- 452s a ee dosots|'1b-b0c ees es 25-00 2245s. RAS ee BS a D0; S22. snes DS aS Ses 20-302 
Organic binder: ose: ee eee cae C0202 2)) Lb-o0 see as 15-36. ees 9-208 Se a oe es | ee ees eee 
Synthetie:resins:= = 2. oe ene ee. () =e (i) 224. see Requiredasae: eee Seen | See aye eR Ses 
Modified: ally du c25. sence ae are ee eae a Sree a | eee ct ae ere er Required [622452 ee 
Hydrogénated ester gum 2s don 23) ees a eee, Ses a ee | eee ee eee OUR See Sih eas ee en ee ee 
Pliolite A. Clas a eee ee ee COs eo eee a Ik eee re al a ee QsODe sce tet See ee eee ne eee 
Hydroabiety] alcohol_...-.--------- GO NO ae ee ee alike Sine soe ee | coe ee eee: Ba Boe Se AE Ase ro Se eae, ae 
Rosina 2: 2 es22 28 ee ee ee a | Lee ee | Soe eee eee Required! |: e223 22. 22 | Se eee | Se ees 
Mineral othe) ie ea ee oe ee ee oe ee eee ee eke ee eee ane aera | See dO sonnel toate ee eee So as eee |e eee : 
Monohydric primary alcohol = 2s. = 292, aes Po a a ee ae ee ee ee ee ee Required §_- 
A1% Modified Maleiciresin _ 72-24 se ee a ee ea re ea = ee re eee a ee Required ____ 
olor: 
Yollow -(FTMS: 141; Method. 4252), mateh,|Required-2--| Required 9-2|252° 25 eee | ae | ee Required. J.\:8-cc.t0ee ee 
standard color chip. 
White (ASTM E-97): Daylight re- percent_-| 70_.....----- 10 cpio ee 2 ee eee DOL ae See 0S See oes V0..222... eo eee 
flectance (Rd) minimum. 
Redmess-ereenness, 8.0.2 -2-. 2 eo ==§ to--6. 9 5) = 6 tos be 2/22 Sa ee oe oa ee | eer eee —=8 LO -0ee—-1| 0" L010 sees | ae 
Yellowness-blueness, b__--_-_------------- —=10: $6: E102) 10 tas OE Sree ae ee ee ee ee oe —10 to+10__| —10 to+10__|-------------- 
Color retention, no perceptible change: 
Yellowness. index, maximum) (ROMS P14 ee eee ee ee ee eee ee eager O12) 0 ees ee ee eed Ieee |e pre te 
Method 6131). 
After heating to plastic state.-..._..-._---.--- 4 hours 1_ 4 Hours 2s eee oe ee ee (18) as eee ea ek 5 2 S25 255 nae ee ae eee 
After ultraviolet exposure_____________- Hours as) ee eee 100 8 ateale E oa ie | ee ee | ee 100i eee (i aS LOO) 269. sseaee 100.15 
Bpeciic eravity.teb, C./25 (Cp) 2i 2s. ee 1.0205 2a | LG E8 he See es ee ANE es eee 1:09-9:15 2-3 |e ee 10-2. 20ceeee 1.9-2.0. 
No deterioration when heated to plastic do___.| 4._____--___- ABIG LE ae oe een 5 ee CW ins ae pe ed Leelee Se Bean (Bj SS 
state. 
Toxic fumes, when heated to plastic state_-_-__- Se SIINONGs 222 eee IN O16 22282 Se Se eS See 2 eee ane Non. 22532. eee See ee ee 
Wolatile material. 9-4 0s ee ee ae ee eee a at eee rae | eee ee eee | ee ee Nonex28.. |e eee 
Temperature-viscosity char- No. of reheatings__} 4_._.._..___- cli Sy a WA eae | ells Oe Rae ree (38) Bae ee 4S ie3 et ee eee 
acteristics, the same after reheating. 
Water absorption (ASTM D 570) maxi- percent__| 0.5-________- Obie eee a ber Bee ae ee ee ele eee ee O66 2.5: 2S eee SS eee 
mum. : 
Softening point (ASTM E 28, Ring degrees C__| 90___-______- O0 5: eee (CO) ea 40-50 ee eee ee 90.2.6 2S 0 90. 
and Ball) minimum. 
Impact resistance (ASTM D 256) -inch-pounds. -"10:~.5.-22.0 Does 2 a Se ee ee 
at 77° F., 1-x 1- x 3-inch cast bars, minimum. 
Bond strength (ASTM C 321) minimum p.s.i__} 150 20_____.__ 1 0s een a re ei ee || ees oe eee. a DOO 1022280. 2 ee rs oO Se eee le 
between 31%- x 7-inch area of portland cement 
concrete. 
Indentation resistance (ASTM D 1706), Shore 
Durometer Type A-2, reading after heating 4 
hours at 400° F., cooled and held for 15 seconds at: 
1 Gd Seat BARS Bie eee a 8 ee reading__| 60 %4_________ 65 Oke Behe eee A ee ee Lo AT 71085. 42 oe Ue Se eee eee ee 
U1, Ba a ee ee ee do Bea) ieee 05 6. oo oe Se a ee a ee ee 
SORA Te ene eee eee (so epee || eee a ee 05 Sivseee ce Ee a ee 
Cracking, low temperature stress resistance, (coat-\|!_.#2_. 32) js 225 ee ee (Be eee (Rye Aes |S Se eee t 
ing on portland cement concrete surface) no ’ 
cracking, flaking or adhesion failure. 
Flowability, residue in can_______.._-.-- POLCeN te |= la eRe ee ee ee all 2 19=17/ 28. Ue ee ee es 
ROAD PROPERTIES AFTER APPLICATION 
Deterioration by deicing chemicals, pavement | None________ Noness = 
constituents or oil drippings. 
Deformation or discoloration under normal traffie__| None 2______ None 20______ 
Drying time, no impression or imprint by traffic: 
pALTADG, che hee ie Sea Yee minutes__| 2 33__________ 2/8 Soe D 
vay (ipa pe ee ed ee Se ed aaa a he Go.cicls = AS Eee a es 
PNA UW ile a seals pe 8S Ue a ee NP Gomera 15 eee eas Lb 'Ses, eters) 
free trois: buck... o-!2- eens amen See poe th Wess WOES ae arene 
Chipping or cracking; 2 eo) set a ee None 232 = Nonesse 2. 2! i 
RHO Derwarhoen web ees sd on ee cee (UW pha eo CO. s2 eee 
APPLICATION REQUIREMENTS 
Temperature and environment_______- degrees Bb. At Earn. eee Ae ee 60:s6-- ev a eae (CL) Vs Soe 403823 ae 40 
Pavement contition.<. 9. 2225. eri ie I ee ee mc gr Dry snl] ee ee eee No paint_-..| Dry, oil- 
Pavement precleaning, remove dirt, oil, grease____| Yes 39_______ Voost — Ree ee eee ee Pete, oe Utd oe Yosee = is Ree. 
ale Np 2 ae ee aS ae eee Ue ETT Reguired2- ci Réquiradis ics bat co dee een oars eee ee ees Required 0c \5. 2-5 fa 
mee pormans cement concrete pavement___..__|_____ GO) See a? El ae eae Required al. os ee 3 ee ee fs ee Required 42_| Re re eae 
or bituminous concrete pavement____________ i 43 43 44 ‘5 
Primer application rate (wat tilza) Required S-), Requlted 8 —|—-—---n-isei}ss-t-- 2-2 sais | cbinat cata oan|aian Ore i saa ee a 
89) (yd. per gal}. |S eee eee ee ee 
Synthatie rubber cc .cecc. 8A fh per pal he ee ee ee Ln are a at ee ggvcoccvee fe 
EEpOe yet es oe re (oe ea tae (.) Renn Meine Lane Game lee ove oes eer ce Pie SAT ele see Tel E 4429) ae Fee 230-320. 
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Table 7.—Typical specifications for hot-applied thermoplastic material—Continued 



































F Constructex British California Florida Connecticut 
BmreCynOhCOMDANY 12-5 -—-6 et qa5 ona -se@ Ee - a Perma-Line | Cataphote Overseas Standard State High- | State High- | State High- | New York State Depart- 
, Corp. Ltd. (B.S.) way Depart- | way Depart- | way Depart- ment of Transportation 
ment ment ment 
APPLICATION REQUIREMENTS—Continued 
Tlme between primer and thermoplastic applica- 
mim «tion: 
RRR OU CAL DD CDM ne ee een eer cal eeencee ss eos sel eee ee SRL OT: SOR aA acres aa | Senge ae aes oh | Seb ewtp we czeke eateones Ane es 
vent [i 
evap- 
i oe ’ orates. 
ie | BinIIMOIIOX Vise oa = oes Nese 2 8 MENTAL OS ee eee et BLO ee | aes eee Bie eres. | bere memes dete SN | er De ae Fee SOR 20s ee Tb tine 2 alien 
- Thermoplastic application temperature 
i At degrees F__| 375-475_____- 380-420______ SU a00 MIE s | k25 0-280) eae ee eee ee pated: S210 ee ap 360-420____.. | 360-420, 
| | Thermoplastic application speed __--..---- LED LO b gee Seed ree ae eae ne, |S Se eee ee |e oor oe a penne |e oe ee nat cen Ay 4 in,—17- 15,000- | 15,000- 
| 171 ft/ 20,000 lin. | 20,000 lin. 
| min, ft./8 hour. |  ft./8 
| | Thickness of thermoplastic in place: y | hour 
| | entor mninimum «-025 = 2 E<L 6... = Chee / Sea a Ie ket ES | ee ee ed Ses SA AO LE Sa 2 Se Oa eee |e [pee ete Reda 
Beavaerninimtum: see eee ie Glee soul) REE eS SUEY ewe 2 peels Seal a ae gh rane a lee nee. be | A Na a ee ga (ei a ea (Bpeatates is 1 <a ae 
| Perle Soe ee wane eS do_ B/3R=o/S2aee. 1 o/o27e/1 OLE ass) ee ee ee 1) BiG eee eens ieee Eee 3/32-3/16_____ SIS2-1/8ee le RBG ee. | 1/8-3/16 
t Drop-on beads, application rate, per 100 sq.ft. of” 
' oD: ae Re ee ee DOUTIC SSS 42050. peeee elon ere eee See | ee eel om aa aoe (Cee cs ale ie Sere See Aas eee eS: | 5 
) Oa HOU = SS oe SI a a PS At EC a ee ea (0 BES Sere ee [Se SS ree eae are eee a ee ee ae Vi Seeeee cs Seen |. oe eee 
CERTIFICATION OF TEST COMPLIANCE 
ieariisicaton of compliance by contractors.....-.-.|.2.<.<.-.-.2.-|.-2-2-.-2-2--2 | fee cnaees aoe | Sees Se tee me een oe ae Required 2-3), Required.2|525 Sa.) ee 
| | | 















yc 


_ plastics in this 








ee yotallex specifications similar to ‘BES: 3262, Part 1. 


TiO>. 

: acs or lithopone. 
4CaCOs. men? 
5 CaCOs, white, 5,000 p.s.i. minimum. 
6 Minimum. 
7 Mixture (one must be a solid at room temperature). 
8 High boiling point. 
9 Federal yellow. 
10 After 4 hours at 450° F. 
_ M At 395° F. and 4 reheatings. 
| 2 At 375° F. and 4 reheatings. 
18 Repeated reheatings. 
_ 4 Prolonged exposure to sun. 

1% ASTM D 620. 
16 And 4 reheatings. 
7 At 450° F. and reheatings at 450° F 
18 4 reheatings. 
1 45 for standard grade; 60 for tropical grade. 
2” Y4-inch thick with binder. 
1 Yo-%-inch thick. 


























| 8 Y46-1%-inch thick. 
% Minimum (2-pound weight). 
% 2-kilogram weight. 


‘tioned, to 77° F., 24 hours at 15° F 


— 
A h. 


‘remainder of the specifications are somewhat 
similar, and appear to be patterned after the 
‘two most prominently used hot-melt thermo- 
country—Permaline and 
Catatherm. The specifications are presented 
under separate subheadings to show clearly 
the required laboratory properties, field prop- 
erties, and application requirements for these 
materials. 

| Typical specifications currently in use for 
both premixed and drop-on type beads used 
in conjunction with thermoplastic striping are 
listed i in table 8. Except for the British Stand- 
ard, these specifications are similar, but do 
jshow some minor differences. 

| Some typical warranties furnished by the 
‘contractor or required of him in connection 
with the durability of thermoplastic striping 
pratabulated i in table 9. 


it aielicions and Recommendations 


The principal findings and recommendations 
_ Aeveloped from the study reported here are 
summarized i in the following statements: 

 @ Hot-extruded thermoplastic striping is 
much more durable on bituminous pavements 
. on portland cement concrete pavements. 


PUBL Ic ROADS © Vol. 35, No. 6 
| 
| 
} 


2 Portland cement concrete blocks sandblasted and primed with 63-F-40 primer. 


% 14-inch layer on 1 square foot sandblasted and primed portland cement concrete, condi- 
, remove and examine within 5 minutes. 








27 32-square-inch specimen, 1 hour in cold H20, 24 hours at —20° C., 


ambient temperature. 








condition and test at 


23 20% residue after 4 hours at 450° F, 
29 Provided air and road temperature is between —20° and 120° F, 


30 Provided air and road temperature is between 0° 


and 120° F, 


31 Provided road temperature does not exceed 140° F. 
32 Provided air and road temperature is between —30° and 120° F. 
33 Maximum (maximum 70%RH). 


34 Maximum. 


35 Maximum (1%4-342-inch thick). 
3 Minimum pavement temperature. 


37 Articles 6,1, 6.2, 6.3, 6.10. 


38 Minimum (relative humidity 80% minimum). 


39 Where necessary. 


40 Epoxy (as recommended by thermoplastic manufacturer), 
411 part asphalt, 1 part dichloromethane. 


42 Hpoxy. 

43 Tf less than 8% asphalt. 
44 Tf less than 7% asphalt. 
45 Synthetie rubber. 

46 5-7 mils. 

47 Or until tacky. 


48 Approximately, till tacky. 


49 980 for standard grade; 350° for tropical grade. 


50 High intensity beads. 


e Thermoplastic striping generally is more 
durable on older concrete pavements than on 
new concrete. 

¢ Snowplow activity, as measured indirectly 
by mean annual snowfall data, greatly affects 
thermoplastic adhesion to the pavement, 
especially on portland cement concrete. The 
service life of thermoplastic striping is related 
more to snowplow activity than to traffic 
density. By contrast, the durability of con- 
ventional paint striping is related to the vol- 
ume of traffic. 

e A limiting factor in the economic value of 
thermoplastic striping on bituminous pave- 
ments is the maintenance-free life of the bitu- 
minous surface; this was estimated to be an 
average of about 8 years. 

e Unremoved layers of old traffic paint may 
adversely affect the adhesion of thermoplastic 
striping to the pavement. 

e A guide (fig. 10) was developed to assist 
in the selection of the more economical of the 
two materials, conventional paint or hot-melt 
thermoplastics, for specific conditions: pave- 
ment surface, traffic density, and expected 
snowfall in the area concerned. 


51 Minimum (average luminance). 


¢ Under conditions of little or no snowplow 
activity, thermoplastics can provide economic 
benefits over paint striping on bituminous 
pavements when the traffic density is ap- 
proximately 6,000 vehicles per lane or greater, 
or on concrete pavements when the density 
exceeds 9,000 vehicles per lane. Under moder- 
ate snow conditions thermoplastics can be 
justified at higher traffic density levels. Little 
economic justification existS for the use of 
thermoplastics under severe snow conditions 
requiring considerable snowplow activity. 

e Although many such installations have 
performed well, the greatest deterrent to the 
wide use of thermoplastic striping is 
sporadic, and sometimes unexplained, failure 
on concrete surfaces. Research to improve 
this situation should be sharply emphasized. 
Suggested for such investigation are the follow- 
ing parameters and their contributions to 
thermoplastic performance on concrete: sur- 
face cleaning and preparation, improved 
primer formulation, rate of primer application 
and its relation to the age and nature of the 
concrete surface, time interval between primer 
and thermoplastic application, and feathering 
of thermoplastic leading edges and sides to 
reduce snowplow destruction. 


its 
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Pee Baral 





Cataphote 


Agency or company-----------| Perma-Line 
Corp. 





Specification 


Received 
Aug. 29, 
1967. 


Specification date 


Data Sheet-- 


California Florida New York 
British State State State 
Standard Highway Highway Highway 


Department | Department | Department 


Thermo- Spec. Prov. | White 
plastic to 1966 thermo- 
Formula, Std. lastic, 
IR 353. Specs., tem 401. 

Item 611. 

January Nov. 21, Apr. 18, 

1964. 1966. 1968. 














PRE-MIXED TYPE 





Index of refraction, liquid 
immersion at 25° C., 
minimum. 

Roundness (ASTM D- pcet-- 
1155), True spheres, 
minimum. 

Air inclusions 3 

Milky, black, amber, 
or colored particles. 

Gradation (ASTM D-1214), 
passing Sieve No.: 

10 


dos 


Chemical resistance (water, 
acid). 

Crushing resistance pounds--| 
(ASTM D-1213). 


























Index of refraction, liquid im- | 1.50,1.90 5__. 
mersion at 25° C., 
minimum. 

Roundness (ASTM D- pct_- 
1155), True spheres. 

Milky, black, amber, do---- 
or colored particles. 

Gradation (ASTM D-1214), 
passing Sieve No.: 

16 


Chemical resistance (water, 
acid). 

Moisture resistance, cotton 
bag-funnel test. 

Crushing resistance pounds__ 
(ASTM D-1218). 











1 Maximum. i 
2 British Standard (BS) sieve. 
$ Minimum. 


100. 
98-100. 
75-90. 


15-40. 


0-10. 
0-5. 


Required. 














4 Average minimum. 
5 When high intensity stripe is specified. 


Table 9.—Typical warranties for hot-applied thermoplastics 


Agency or com pany 
enc) 





Specification 
Specification date 


Crosswalks and stop lines, percent guaranteed for: 
(Bi) ee Se SE ee. . Sea eee eee percent_-_ 
1% years dq.<. : 
: on a me ae. Soe regs En Se Spa Sear ee do.2 


3 y ears- 
Lane and center ‘lines, Dercent guaranteed for: 


13% years 

CRS ee oes ae RN foot eae | ee ES: do=.3 
21% years...-.- be EE a Soh Ree ee Gon -< 
B VOOTS. onc a te ae ae eee as ea peat OE 





1 Percent of the total installation at any single intersection. 

225,000 ADT maximum. 

330,000 ADT maximum. 

4 School crosswalks. 

$5 When more than 20% failure occurs in a line w-thin 
guarantee period, entire line must be replaced. Contractor 
not liable for damage caused by snowplow blades. 
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Perma-Line Co. Cataphote Corp. New York City 


Perma-Line 


Plastic Marking. 
Mar. 7, 1968 1968. 


100.4 § 








iat of a unit defined as 2,000 linear ft. of line of specific 
width 
7 More than 40,000 ADT. 
§ 30,000-40,000 ADT, 
§ 20,000-30,000 ADT. 
10 10,000-20,000 ADT. 
1 Less than 10,000 ADT. 


nee ~ i | 
. ‘ * 


ee = | wd 7. » } 
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(9) Analysis and Modeling of Relationsh 
between Accidents and the Geometric and Tre 
Characteristics of the Interstate System, by J. 
Cirillo and S. K. Dietz, U.S. Bureau of Pul 
Roads, 1968 (to be published). & 

(10) Road User Benefit Analysis for High 
Improvements, American Association of $ 
Highway Officials, 1960, p. 126. 

(11) Interstate System Accident Resee 
Study II, Interim Report II, by Julie A’ 
Cirillo, PUBLIC ROADS, 4 souRNAL OF HI 
WAY RESEARCH, Vol. 35, No. 3, August 1 
pp. 71-75. 
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2) Accidents on Main Rural Highways 
ed to Speed, Driver and Vehicle, by David 
Solomon, Bureau of Public Roads, U.S. 
' Department of Commerce, July 1964. 


Data Requested in Survey 


® Location of controlled experiment. 

Hi | _ @ Length of installation (linear feet of thermoplastic or 
. ‘ther basis). 

ll’ | @ Date initiated. 

clk y @ Average daily traffic per vehicle lane. 

| © Pavement surface (asphalt or concrete, new or older 
iy a 

| @ Pretreatment of pavement surface (other than primer). 
® Primer applied, if any (synthetic rubber, epoxy, etc.). 
'®@ Brand name of thermoplastic used. 

U } ® Relative snowplow activity. 

® Unit cost of thermoplastic stripe (contract cost or other 

asis)—cost per linear foot of actual stripe (indicate stripe 

u \yidth—4, 6, 8, etc., inches). 

i | © Comparative unit cost of applying a similar width of 

ih eons traffic paint stripe (either contract cost or cost 

qq ading materials, labor, and equipment depreciation). 

e Average actual useful life of conventional paint stripe in 

rea under consideration. 

{| @ Average useful life of thermeplastic stripe in this same 

i (indicate whether estimated on basis of performance cf 
till useful stripes or whether terminal point was reached by 

I Sieaterial). 

il © Estimates of percentage of thermcplastic line lost by 

oi \dhesion failure. 

ay © Cost cf replacing thermoplastic (indicate basis of cost). 

® Comments and specific conclusions on relative durabil- 

*y and long-term economy of these competitive materials 

\a this specific area and for these circumstances. Include 

| tatement of any special conditions that may have affected 

bite ehavior on this project. 

_ | ® Present policy, practice and criteria employed relative to 
ei he use of hot-extruded thermoplastics in regular maintenance 
triping operations. 
jy | The following note was included in the survey question- 
Hie aire: If general knowledge is available, based cn experiences 

ith several installations that may not be included as parts 
JP 7 { controlled experimental projects, please provide a general 
1! (immary of such knowledge. 
Re 





Comments by Agencies Surveyed 


| |tates, District of Columbia, and Puerto Rico 


: Wine. High traffie-volume portion of heavy duty bitu- 
) \imous concrete resurfaced after 8 years of service, covering 
jer thermoplastic and not permitting full life of thermo- 
| astic Striping. Limitations of convertional paint are 
"/ minished crew safety because of more frequent maintenance 
Mf ha poor visibility during last half of paint’s useful life. 
‘fer 8 years, 30 percent of original 14-inch thick thermo- 
1 | jastic remains on section with 4,000 average daily traflic 
vl \t lane. No adhesion failures noted. 
\Arizona.—In 5 years of service, reflective properties of 

W ermoplastic have deteriorated considerably and stripe does 
tol Mg remain bright throughout its life. Material should be 
pt jed with caution on bituminous pavement owing to flexi- 
lity ‘and shorter life expectancy of bituminous surface. 
aution in using on portland cement concrete with less than 
4 ‘year of service because of moisture, curing compounds, and 
jig? tamee. Earlier tests showed thermoplastic performed 
if jorly on portland cement concrete without primer. 
toa: —Thermoplastic lane lines applied over 3-week- 
a! paint stripe on portland cement concrete. Air bubbles 
“med initially. Night visibility superior to paint. No bond 
®s in 2 years, but about 8 percent chipped at edges. 
Hil ptter service on bituminous pavement than on portland 
if {ment concrete pavement. 
0 ‘California —New portland cement concrete should be 
idblasted (a cost of approximately $100 per mile), Thermo- 
tie lasts indefinitely on bituminous pavement owing to 
. Most failures on portland cement concrete occur from 
because of poor adhesion. Although thermoplastic 
: ter than paint in many areas, it is being replaced by 

ahead in snow-free areas. 
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(13) Interstate System Accident Research, by 
Stanley R. Byington, PUBLIC ROADS, a 
JOURNAL OF HIGHWAY RESEARCH, vol. 32, 
No. 11, December 1963, pp. 256-266. 


DETAILED INFORMATION 


Connecticut.—Average life of paint reported as 2 months 
but actually repaint only 2 to 3 times a year. Ten percent loss 
of thermoplastic in last year on portland cement concrete 
replaced by contractor. More wear op horizontal curves. 
Section of portland cement concrete primed with synthetic 
rubber is much poorer than that primed with epoxy. Place- 
ment velocity of thermoplastic is 5m.p.h., on long continuous 
lengths. Blistering still a problem over portland cement 
concrete pavement. Thermoplastic not subject to color fading 
as with paint. Unexplained isolated cases of failure still occur. 
Practice is to apply epoxy primer and thermoplastic from 
same moving truck using heater pass over the epoxy. May 
change this to allow more time for primer to dry. 

Florida.—Gainesville (University Avenue)—Catatherm 
much softer than Perma-Line. Yellow Catatherm bleaches 
to lighter shade. Good to excellent night reflectivity, but 
poorer and dirty in day. Dirt accumulates in depressions 
but appears better after a rain. 

Interstate 95 (Dade County)—In 2 months thermoplastic 
began to deteriorate over portland cement concrete but 
paint still satisfactory. Thermoplastic blistering and break- 
ing away. Better durability on older bituminous pavement. 
Northern grade of thermoplastic in Miami failed because of 
shifting and softness. Thermoplastic on portland cement 
concrete showed air pockets and blisters. 

Illinois.—Terminal life of thermoplastic is considered 
reached when only 50 percent remains. 

Indiana.—Currently not using thermoplastic on portland 
cement concrete because of adhesion failures. Haye had 
satisfactory experience on portland cement concrete in iso- 
lated cases. 

Jowa.—Ninety days after installation, thermoplastic ap- 
pearance was dull. First application on portland cement 
concrete failed within 9 months through adhesion loss. 
Replacement under warranty performing adequately. 
High cost cannot be justified, considering economics of 
standard paint over portland cement concrete. 

Kansas.—Movement of bituminous overlay on portland 
cement concrete caused early thermoplastic failures. 

Kentucky.—Suggest that feasibility of use of thermoplastic 
be estimated on basis of anticipated renewals of traffic paint 
during a reasonable period—not exceeding tenure of partic- 
ular pavement surface and certainly not more than 8 to 10 
years. Thermoplastic loss of more than 1 percent per year, 
or less than 90 percent terminal retention in line footage is 
intolerable. Thermoplastic performed better where greater 
application rate of Pliobond primer was used. Thermo- 
plastie lost adhesion more quickly on new portland cement 
conerete than on older portland cement concrete. Epoxy- 
primed section on portland cement concrete more durable 
than Pliobond-primed section on portland cement concrete. 
Better performance of thermoplastic on bituminous pave- 
ment than on portland cement concrete. 

Maine.—Considerable snowplow damage to thermoplastic 
on bituminous pavement; therefore not economically feasible 
in heavy snowplow areas. 

Maryland.—After 18 months, thermoplastic lost consider- 
able night visibility. In poor condition on portland cement 
concrete after 2 years. Condition good on bituminous pave- 
ment after 8 years at one location. 

Michigan.—Better adhesion of thermoplastic on older 
portland cement concrete and on bituminous pavement. 
Needed early replacement on new section of portland cement 
concrete, Not recommended on portland cement concrete. 
Still usable after 8 years on bituminous pavement. 

Minnesota.—Snowplow causes extensive damage to thermo- 
plastic. Poorer adhesion to portland cement concrete may 
have been caused by application over existing paint stripe. 
Even with epoxy primer over unpainted area, thermoplastic 
still had approximately same loss in first year as installations 
with rubber primer and over paint. For future, recommend 
light grinding or sandblasting of portland cement concrete, 
improved epoxy primer, and increased rate of primer applica- 
tion and primer not applied more than 30 minutes before 
thermoplastic application, Thermoplastic justified on bitu- 
minous pavement; still excellent after 2 years. Epoxy applied 


(14) Cost of Motor Vehicle Accidents to 


Illinois Motorists 1958, Mlinois Department of 


Public Works and Buildings, Division of 
Highways, December 1962. 


SURVEY ON PERFORMANCE OF HOT-EXTRUDED THERMOPLASTIC STRIPING MATERIALS FOR HIGHWAYS— 


to portland cement concrete and bituminous pavement at 
4,000 linear feet per gallon. When rate increased to 1,000 lin. 
ft. per gallon thermoplastic began to slide on bituminous 
pavement but held fast on portland cement concrete, 

At installation near St. Paul-Minneapolis, in 1967—15 per- 
cent loss in less than 1 year. Surface preparation of light 
grinding or sandblasting and increased primer application 
rate produced little improvement in adhesion to portland 
cement concrete. Very good performance on bituminous 
pavement. Performance on portland cement concrete vari- 
able between projects, also within a single project and even 
between adjacent lanes. Leading edge first to deteriorate 
mainly because of snowplows. Deterioration related to the 
number of snowplow operations. More failures noted when 
thermoplastic is placed over existing paint than when no 
paint previously existed. 

Mississippi.cThermoplastic more effective and cheaper 
than paint on road with high-traffic density over a 7-year 
period. Pliobond applied at 6-8 gallons per mile of actual 
stripe. 

Nebraska.—Thermoplastic satisfactory at night where 40 
percent or more of line still intact. Daylight appearance not 
quite up to new paint but performance satisfactory. By 
comparison, rubber-based primer seems to give better 
adhesion than epoxy.5 Some damage by snowplows. 

New Hampshire.—Good visibility of thermoplastic gave 
improved safety compared to paint and its associated degra- 
dation. Extensive cracking of thermoplastic owing to cold 
weather but performance not dversely affected. Minor 
damage by snowplows on several sections. Paint contract at 
2 certs per linear foot is real. Present price now about 3-4 
cents per linear foot. For thermoplastic, 19 cents per linear 
foot is real but low—this was an early installation, perhaps 
done at cost. 

New Jersey.—Reflectivity of thermoplastic decreases with 
age. In 4 years, project terminated because all lane lines were 
worn off at curves and were therefore painted. 

New Merico—Thermoplastic may have lasted longer if 
surface had been sandblasted. No primer and surface prepara- 
tion used at manufacturer’s recommendation. 

New York.—Thermoplastic discolors after 4-6 years. Some 
pinholing and blistering. Blistering over portland cement 
concrete ut not specifically noted over bituminous, Damage 
to leading edge of lane stripe. Suggest feathering leading edge. 
Much better adhesion to bituminous concrete than to port- 
land cement concrete. On bituminous concrete, no difference 
in 114 years whether placed over synthetic rubber or no 
primer. Adhesion failures in Long Island installations greatly 
reduced by use of epoxy primer on portland cement concrete. 

After 5 years, thermoplastic still approximately as bright 
as fresh paint. Thermoplastic more economical than paint if 
on bituminous pavement with high traffic density. Synthetic 
rubber primer on portland cement concrete gives variable 
service—less than 1 year on new portland cement concrete 
to 50 percent retained in 244 years on 2-year-old portland 
cement concrete. On new portland cement concrete with 
epoxy primer, thermoplastic appears satisfactory after 1 year. 
Thermoplastic seems more visible than paint under wet 
conditions. 

Epoxy primer for portland cement concrete usually applied 
at 5-7 mils wet film (more recently 4-5 mils) and approxi- 
mately 15 minutes before thermoplastic. An infrared heater 
may be used for shorter cure time. Synthetic rubber primer 
for bituminous pavement contains 10 percent solids applied 
at 100 linear feet (6-inch stripe) per gallon and allowed to 
become tacky before thermoplastic applied (sometimes 
more than 1 day before thermoplastic application). 

Thermoplastic detached from portland cement concrete 
had thin laitance layer of portland cement concrete on 
bottom surface. Adhesion losses less if snowplow shoes used 
rather than no shoes. Edge stripes catch and pond water— 
should contain gaps or channels. 

Long Island Parkways (SSP 62-2, MSP 62-3, HSPM 63-2, 
F118 64-1, NSP 65-2): Generally, precleaning for skip line 





5 This observation is contrary to reports by other agencies. 
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required air blower, whereas edge line required mechanical 
and hand brooming and blowing, depending on accumula- 
tion of debris. Maximum thickness of epoxy 6 mils. Amount 
of thermoplastic blistering decreased as thickness of epoxy 
decreased. 

Specifications for chemical composition of binder recently 
changed to reduce bubbling of thermoplastic. Wet film of 
epoxy binder reduced to 4-5 mils to help prevent bubbling 
and to better cure epoxy prior to application of thermoplastic. 
Allow approximately 15 minutes for epoxy to cure before 
thermoplastic application. Infrared heater may be used to 
shorten epoxy cure time. 

Ohio.—Thermoplastic failed mainly on portland cement 
concrete, not on bituminous pavement. Snowplows did not 
particularly disturb material. 

Oklahoma.—Thermoplastic is favorable for highways with 
high traffic density. Faded significantly on Interstate 440— 
don’t know why. Perhaps poor binder. Gores needed paint- 
ing after 6 years of thermoplastic use. Failure mostly on 
curving ramps and on bridge decks sanded during ice storms. 
Bituminous pavement, 4-5 years old, needed resurfacing 
and therefore obliterated thermoplastic still in place. 

Oregon.—Thermoplastic lasts longer when not applied 
over built-up paint layer on older bituminous pavement. 
Therefore, should remove old layers of paint by sandblast- 
ing. Better service when applied over paint film only 1- 
year-old. On U.S. 20, 40 percent of thermoplastic removed 
by snowplows—therefore not suitable for mountain passes. 

Rhode Island.—Excellent performance over bituminous 
pavement. Avoid application over bituminous seams, which 
later crack and affect lane lines. 

South Carolina.—Synthetie rubber primer applied at 50 
square feet per gallon. Thermoplastic still in good condition, 
but extrapolating cost of thermoplastic and paint it would 
take 28 to 32 years of maintenance painting to overcome initial 
cost of thermoplastic. Therefore thermoplastic not economical 
under these conditions. On bituminous pavement paint more 
visible than thermoplastic on rainy day or on dry night, but 
on portland cement concrete thermoplastic more visible than 
paint on rainy day. 

Teras.—Excellent durability of thermoplastic on bitumi- 
nous pavement overlay on portland cement concrete, but 
average life was 4 years on portland cement concrete. Cat- 
atherm yellowed considerably while Perma-Line did better. 
Flaking action noted in winter. 

Wisconsin.—On bituminous pavement, reflectance de- 
creased in 1 year. On portland cement concrete, winter 
plowing destroyed some sections with more than 10 percent 
failure in first year. Reflectance low after 10 months probably 
contained less exposed beads than regular paint. Believe 





The Bureau of Public Roads has recently 
published two documents. These publications 
may be purchased from the Superintendent of 
Documents, U.S. Government Printing Office, 
Washington, D.C. 20402, prepaid. The follow- 
ing paragraphs give a brief description of each 
publication and its purchase price. 


A Study of Airspace Utilization 


A Study of Airspace Utilization (75 cents a 
copy) deals with the general question of air- 
space utilization over and under freeways. The 
publication was prepared as the final report of 
a research study to provide policy and pro- 
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portland cement concrete should be sandblasted or acid 
etched, as thermoplastic performance is unreliable on port- 
land cement concrete. Blisters (cause unknown) evident 
after 1 week and then break. This perhaps presents rough 
surface for snowplows to catch and destroy. Where thermo- 
plastic adhered properly, it goes thru winter better than 
paint and has good daytime appearance. Snowplows catch 
leading edge of dashed stripe. In view of blister formation 
in recent replacements on portland cement concrete, relegate 
thermoplastic use to bituminous surfaces or to only experi- 
mental use on portland cement concrete. Originally no 
difference found whether thermoplastic placed over well 
adhered paint or over unpainted bare portland cement 
concrete pavement. Later found better adhesion on new port- 
land cement concrete without paint than on older pavement 
with paint. On Interstate 94 all thermoplastic lane lines 
replaced in 1 year. Pavement sandblasted and epoxy-primed, 
let dry over weekend, and epoxy-primed again immediately 
prior to thermoplastic application. Blistering occurred 
again in 1 week. Inconsistent results on different portland 
cement concrete sections. 

Wyoming.—Good results with thermoplastic on bituminous 
pavement—durability ratio of at least 10:1 over paint on city 
street and 4:1 on highway. Consideration given to further 
use. 

District of Columbia .—Thermoplastic life on bituminous 
pavement equal to eight or more paint applications. Plan to 
use for crosswalks whenever feasible. 

Puerto Rico.—Better adhesion on bituminous pavement. 
Use bonding agent over portland cement concrete and apply 
thermoplastic immediately over primer. Not recommended 
for secondary roads, with low traffic volume, requiring paint- 
ing only once a year. 

Unsatisfactory results in December 1963 over portland ce- 
ment concrete with epoxy primer. Replaced in January 1964 
using Pliobond primer. In August 1967 only 30 percent of 
stripe intact, needed immediate repainting. Bonding is still a 
problem oa portland cement concrete. New installations on 
portland cement concrete, Perma-Seal II epoxy primer used 
but too new to determine results. 


Toll roads and bridges 


Illinois State Toll Highway Commission.—Applied as a rum- 
ble stripe in advance of toll plaza. Subject to heavy snowplow 
activity. No experience with lane and edge lines. 

New York Thruway Authority —Thermoplastic gore mark- 
ings began to fail within weeks, and in several months, ther- 
moplastic was virtually gone. On lane lines, excellent to be- 
ginning of first winter and then plows completely removed it. 

Port of New York Authority.—Generally use thermoplastic 
for lane lines if costs are equal or slightly higher than paint. 


NEW PUBLICATIONS 


cedure guidelines for the State of California 
Legislature, the California Division of High- 
ways, the U.S. Bureau of Public Roads, city 
and county governments and others interested 
in air rights. The objectives of the study were 
to identify the major issues and problems 
connected with freeway air rights; to analyze 
these issues, including the procedural, legal, 
technical, financial, aesthetic, and policy 
aspects of air rights; and to recommend guide- 
lines and design a course of action for the 
utilization of airspace in California. 


Such questions as, ‘‘Why are these rights 
significant,” “what uses are desirable’ and 
“under what circumstances will the use of 
freeway airspace be successful,” are answered 

















































and delays to traffic. 
Triborough Bridge and Tunnel Authority.—Painted line } 
more economical but thermoplastic line is more effective. 


Cities and Counties 


Atlanta, Ga.—On bituminous surface, cost of thermoplast! 
on crosswalk are fully recovered and justified. Usually a 
eight times life of paint with thermoplastic. Don’t us 
thermoplastic for center and lane lines except on streets wit 
high traffic density. 

Baltimore, Md.—Thermoplastie gives superior performan, 
compared to paint. Center and lane lines provide 2-3 ye 
durability where paint lasts less than 1 year. Use therm. 
plastic for center aad lane lines for downtown, expressway 
and freeways. 

Detroit, Mich.—(Chrysler Freeway—also see Michig) 
State Highway Department report)—On bituminous pay, 
ment, thermoplastic in good condition after 244 years. ( 
portland cement concrete, thermoplastic poor compared — 
performance on bituminous pavement. Initial chipping aft. 
3 months, loss increased progressively. Generally starts 
leading edge, caused by plows. In 3% years on portlay 
cement concrete, chipping and failing badly. Costwit 
satisfactory in bituminous pavement but poor on portly 
cement—major repairs needed in 18 months. Need improv 
ment for applications on portland cement concrete. pi 

Los Angeles Cownty.—Ordinarily use hand brooming | 
clean, grinding to remove old paint, or sandblast to remo 
curing agent on fresh portland cement concrete. Yell 
thermoplastic showed excessive color deterioration, fad: 
and inability to remain self-cleaning in relatively dry clima. 
Thermoplastic requires life of 6-8 years to compare econo)- 
cally with paint. However, because of road maintenai 
program, permit work and utilities repair, useful life! 
thermoplastic is impractical beyond 4 years. With 4 ye: 
wear, appearance of thermoplastic is generally poor, _ 

New York, N.Y.—Some damage of thermoplastic ; 
snowplows but not significant. Costwise, thermopla 
cheaper than paint in long run. Durability of thermopla\t 
over paint is approximately 6:1. Thermoplastic also ox 
safety advantages over paint. | 

Portland, Oreg.—Thermoplastie should be applied o 
newly surfaced roadways to get assurance of maximum | 
Plan to use more thermoplastic on high-traffic-volt 
streets. é 

San Francisco, Calif—Thermoplastic crosswalks chet 
than paint on medium- and high-traffic-density stre 
Work is done in conjunction with resurfacing program 
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in terms of the impact upon local communi 
the California Division of Highways, 
Bureau of Public Roads, and the airsy 
developer. , 


Highway Statistics, 1967 


Highway Statistics, 1967 ($1.75 a copy) i 
23d issue of the annual compilation of st 
tical and analytical tabular matter pertai 
to Federal aid for highways. This 1964 
publication presents information, prim 
in tabular form, on motor fuel, motor vehi 
driver licensing, highway-user taxation, ‘ 
and local highway financing, road and 8 
mileage, and Federal aid for highways. 
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ighway Statistics (published annually since 1945) : 
of 1965, $1.00; 1966, $1.25; 1967, $1.75. 

| _ (Other years out of print.) 
ighway Statistics, Summary to 1965 (1967). $1.25. 
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30 cents. 

No. 38—Design Charts for Open-Channel Flow (1961). TO 
cents. 

No. 4—Design of Roadside Drainage Channels (1965). 40 
cents. 
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The 1965 Interstate System Cost Estimate, House Document No. 
42, 89th Cong., Ist sess. (1965). 20 cents. 

Interstate System Route Log and Finder List (1963). 10 cents. 
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Construction, 2d ed. (1965). $1.75. 
Amendment No. 1 to above (1966). $1.00. 

Landslide Investigations (1961). 30 cents. 

Manual for Highway Severance Damage Studies (1961). $1.00: 

Manual on Uniform Traffic Control Devices for Sheets and High- 

ways (1961). $2.00. 
Part V only of above—Traffic Controls for Highway Construc- 
tion and Maintenance Operations (1961). 25 cents. 

Maximum Desirable Dimensions and Weights of Vehicles Oper- 
ated on the Federal-Aid Systems, House Document No. 354, 
88th Cong. 2d sess. (1964). 45 cents. 

Modal Split—Documentation of Nine Methods for Estimating 
Transit Usage (1966). 70 cents. 

National Driver Register. A State Driver Records Exchange 
Service (1967). 25 cents. 

Overtaking and Passing on Two-Lane Rural Highways—a Litera- 
ture Review (1967). 20 cents. 

Presplitting, A Controlled Blasting Technique for Rock Cuts 
(1966). 30 cents. 

Proposed Program for Scenic Roads & Parkways (prepared for 
the President’s Council on Recreation and Natural Beauty), 
1966. $2.75. 

Reinforced Concrete Bridge Members—Ultimate Design (1966). 
35 cents. 

Reinforced Concrete Pipe Culverts—Criteria for Structural De- 
sign and Installation (1963). 30 cents. 

Road-User and Property Taxes on Selected Motor Vehicles 
(1964). 45 cents, 

Role of Economic Studies in Urban Transportation Planning 
(1965). 45 cents. 

The Role of Third Structure Taxes in the Highway User Tax 
Family (1968). $2.25: 

Standard Alphabets for Highway Signs (1966). 30 cents. 

Standard Land Use Coding Manual (1965). 50 cents, 

Standard Plans for Highway Bridges: 

Vol. I—Concrete Superstructures (1968). $1.25. 

Vol. II—Structural Steel Superstructures (1968). $1.00. 
Vol. IV—Typical Continuous Bridges (1962). $1.00, 
Vol. V—Typical Pedestrian Bridges (1962). $1.75. 

Standard Traffie Control Signs Chart (as defined in the Manual 
on Uniform Traffic Control Devices for Streets and Highways) 
22 x 34, 20 cents—100 for $15.00. 11 x 17, 10 cents—100 for 
$5.00, 

Study of Airspace Utilization (1968). 75 cents. 

Traffic Assignment Manual (1964). $1.50. 

Traffic Safety Services, Directory of National Organizations 
(1963). 15 cents. 

Typical Plans for Retaining Walls (1967). 45 cents. 
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